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Argument Mapin, DNA Strand SSarv2 
from the ?v/lib/6mers' file, Translation Shown at Open reading frares. 

------- !------- boilimboli binarixmipsti 
bin I aval 2 SaCl SaCl bin 

bin Scal afill TbO 
eCOrs hind 1 

---------------------------------------------- 
hindll a hall DSt. bStX ahall apal 
fibOll-l avaiš ahall hind aV2 

TbO-1 Sph Fab01-1 
mb0ll-l 

pVUll 
pStil 
DVull 
tthi Il-2 

--------------------------------------------- 
?nbOll-2 TbOll-l b0ll- Scal aVa tith I-2 

?hbOll- bStX ahal eCO 5 
TbO1- tth-2 bStX 
bgll ball Din 

?ibOll 

------------------------------------------------ 
bSt.XI TbOl1-1 ahall1 kpnl Abol 

bin pVUll hpal ?nbOll 
tith I-2 ahall avas 

-------------------------------------------- 
kprl AbOll- bStXI inbol-l af hind 

Scal pVU Xin SCa ahall MDOll 
aVa3 ball 

Xbal bin 

FG. 4A 
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!------ 
indel aV2 avr: liboilii eCOrl av2 mb0ll-l 

SCal bin afli mb0-1 mbol-1 
aVr2 Xbal SaCl 
nCO Illu hind 

MSt. 

------------------------------------------------- 
SCall ndel bin miboll-l Stul TbO-l 

TbOll- ahall SCal mb0ll-l bgll 
pVull 

---------- ---------------- ------ ------------- !-------- 
?nb0ll-l inbol-2 mst 

St I mb0ll-l bin 
aVr2 

?ibOll 

--------------------------------------------- 
anbol- aVal-2 DS til mboll-l aval-l ahalli 

mbOll-l tth Il-2 (bOil-l 
fibOll-l Xhol mSt I bin 

TbOll-l ?nb0ll-l 
bgill kpin 
mbol-2 

--- up us to an as a as are reas a mur 9 as 

eCO5 aVal-2 pvull 
MbOll-l bgll 

SCall SaCl 
bin af 

hind 

FG. 4B 

up up a s sur one 
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CTGGAAGGGCTAATTTGGTCCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACAC GACCTTCCCGATTAAACCAGGGTTTCTTCTGTTCTCTAGGAACTAGAgACCTAGATGGTGTG 
26 m)0, 50 bin, 

63 ACAAGGCTACTTCCCTGATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCAC 
TGTTCCGATGAAGGGACTAACCGTCTTAATGTGTGGTCCCGGTCCCTAGTCTATAGGTGA 
107 bin I, 13 eCO5, 

23 GACCTTGGATGGTGCTTCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAA 
CTGGAAACCTACCACGAAGTTCGATCATGGTCAACTCGGTCTCTTCCATTTCTCCGGTT 
172 mboll, 

183 TGAAGGAGAGAACAACAGCTGTTACA 
ACTTCCTCTCTTGTTGTCGAACAATGT 

CC 
GG 

23 GAAAGAAGTGTAGTGTGGAGGTTTGACA 
CTTTCTTCACAATCACACCTCCAAACTGT 

296 aval, 

303 GCTGCATCCGGAGTACTACAA AGACTGCTGACATCGAGCTTTCTACAAG 
CGACGTAGGCCICATGATGTTTCTGACGACTGTAGCTCGAAAGATGTTC 
5ll SCall, 

563 TGGGGACTTTCCAGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGTCCCTCAGAT 
ACCCCTGAAA6GTCCCTCCGCACCGGACCCGCCCTGACCCCT CACCGCAGGGAGTCT 

CCA G 
GGC AC 

423 T6CATATAAGCAGACTGCTTTTTGCCTGTACTGGGTCTCTCTGGTTAGACCAGATCTGA 
ACGTATATTCGTCTGACGAAAAACGGACATGACCCAGAGAGACCAATCTGGICTAGACT 
47l bgll, 

483 CCTGGGAGCTCTCTGGCTAACTA 
GGACCTCGAGAGACCGATTGAT 
488 SaCl, 518 afill, 532 hindll, 

543 GAGTGCTTCAAGTAGTGGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCCA 
CTCACGAAGTTCATCACACACGGGCAGACA ACACACGAGACCATTGACTCTAGGGAGT 

605 GACCCTTTTAGTCAGTGTGGAAAAATCTCTAGCAGTGGCGCCCGAACAGGGACGCGAAAG 
CTGGGAAAATCAGTCACACCTTTTTAGAGATCGTCACGCGGGCTTGTCCCTGCGCTTTC 

CTATGAGCCTGCATGGGATGGAGGACGCGGA 
GATACCGGACGTACCCTACCTCCTGCGCCT 
GCAAACTAGCATTTCACACATGGCCCGAGA 
CGTTTGATCGTAAAGTAGTGTACCGGGCTCT 

GGACTTTCCGC 
CCTGAAAGGCG 
GACTTTC 
CTGAAAG 

GCTTGCCTT SSS CGAACGGAA 

659 narl, 

663 CGAAAGTAGAACCAGAGGAGCTCTCTCGACGCAGGACCGGCTTGCTGAAGCGCGCACAG 
GCTTTCATCTTGGTCTCTCGAGAGAGCTGCGTCCTGAGCCGAACGACTTCGCGCGTGTC 
680 sac, 

725 CAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAATTTTTGACTAGCGG AGGCTAG 
GTCTCCGCTCCCCGCCGCTGACCACTCATGCGGTTAAAAACTGATCGCCTCCGATC 

MetGyAla ArgalaSerVal LeuSerGlyGlyGuetaSpy STrpGl 
783 GAGAGAGAGATGGG SSSSSSSSSS ASSSSSSSSAASSES 

C 

AG 
CTCTCTCTCTACCCACGCTCTCGCAGCCATAATTCGCCCCCTCTTAATCTATTTACCTT 

FIG. 4C 

AA 
T 
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ySeAge ArgroGy Glyllyslyslys Tyrysleutysh is leValTrpAla 843 ii. 8EEEEEEEEEEiii.iii.E. 
TTTTAAGCCAATTCCGGTCCCCCTTTCTTAATTCAATTTTGTATATCATACCCGT 

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 905 AGCAGGGAGCTAGAACGATCGCAGTCAATCCTGGCCGTTAGAAACATCAGAAGGCTGC 
TCGTCCCTCGATCTTGCTAAGCGTCAGTTAGGACCGGACAATCTTTGTAGTCTTCCGACG 
959 psit, 

963 AEREEEEEEEEEEEEEEEEEEEEEEEEEE AEEAEEEEEEEEEEEEEEEEEEEEEE-SAEEIG 
1002 bin, 1008 Inboll, 

SKATERREEEEEEEEEEEi YalySASTh 023 TTAATAATACAGAGCAACCCCTATTGACACAAAGSATAGATGAAAAGACACC 
AATATATTATGTCATCGTTGGGAGAAACACATGTAGTTTCCATCTACATTTTCTGT66 

{SSEXEEkakiEEEEEEEEEEKiki 083 AAGGAAGCTTAGAGAAGATAGAGGAAGAGCAAAACAAAAGTAAGAAAAAGGCACAGCAA 
TTCCTTCGAAATCTTCTATCTCTCTCGTTTTGTTTCATTCTTTTTCCGTGTCGTT 
1087 hind, 1097 mbol 1, 107 fib0ll, p25 
Alaa Ala Ala Ala GlyThr61 yASnSerSerGlnVal Ser6 nASny rproleVal 

145 GCAGCAGCTGCAGCGGCACAGGAAACAGCAGCCAGGCAGCCAAAATTACCCTATAGTG 
CGTCSTCSACSTCgACCGTGTCCTTTGTCGTCGGTCCAGTCGGTTTTAATGGGATATCAC 
ll 47 pVUll, 1150 pStil, 1153 pvull, ll 56 tthil, 

AEEEEEEEEEEEEEEEEEEEEEEEEEEE 1203 CAGAACCTACAGGGGCAAAGGTACACAGGCCATATCACCTAGAACTTTAAATGCATGG 
GTCTTGGATGTCCCCGTTTACCATGTAGTCCGGTATAGTGGATCTTGAAATTIACGTACC 
1250 ahall, 1255 awa, 
WallySVal ValGluGULySA aPheSerProGuVal IleProMetPheSerAlaleu 

1265 GTAAAAGTAGAGAAGAAAAGGCTTCAGCCCAGAAGAAACCCAGAGCAA 
CATTTTCATCATTTCTTTTCCGAAAGTCGGGTCTTCATTATGGGTACAAAAGTCGTAAT 
1275 Ol, 

LysySA laG nGln 

SeGUGiy AaThrPrOG in AS EEEEEEEEEEEEEEEE l325 CAGAAGGAGCCACCCCACAAGATTAAACACCAGAAACACAGGGGGGGACACAA 
AGTCTTCCTCGGTGGGGTGTTCTAAATTTGTGGTACGATTTGTGTCACCCCCCTGTAGTT 
l36 ahall, 

AlaatetGlnMetLeuysGluThreAsnGluGluAaAlaGuTripAs AE 
lis85 GCAGCCATGCAAATGTAAAAGAGACTACAATGAGGAAGCGCAGAAGGGAAGAGG CGTCGGTACGTTTACAATTTTCTCTGATAGTTACTCCTTCgACGTCTTACCCTATCTCAC 

1423 pSt1, 

EAEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE l3 CACCAGTGCAGCAGGGCCTATTGCACCAGGCCAAATGAGAGAACCAAGGGGAAGTGAC GTAGGTCAgGTACGTCCCGGATAACGTGGTCCGGTTTACTCTCTTGGTTCCCCTTCACT6 
15 Sph, 

FIG. 4D 
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SEESSIEEEEEEEEEEEEEEEEEEE 1503 ATAGCAGGAACTACTAGTACCCTTCAGGAACAAATAGGATGGATGACAAATAACCACCT 
TATCGTCCTTGATGATCATGGGAAGTCCTTGTTTATCCTACCTACTGTTTATTAGGTGGA 
ePOYalGlyGlueTyrLySArgTrple eLeuGlyLeuASnySleWaA 

1563 AIEEEAE8A:AEEEEEAiiAE 
TAGGGTCATCCTCTTTAGATATITTCTACCTATTAGGACCCTAATTTATTTTATCATTCT 
MetTyrSerPrOThrSeri eLeuASpI leArgG nGlyProLysGluPrOPhergASp 

62.5 ATGTATAGCCCACCAGCATCGGACATAAGACAAGGACCAAAGGAACCCTTAGAGAT 
TACATATCGGGATGGTCGTAAGACCTGTATTCTGTTCCTGGTTTCCTTGGGAAATCTCTA 
1636 bStXI, 
Ty WalASDArgPheyrly SThreuArgAlaGluGlnAlaSerGinASpVal ySASn 

1683 ATGTAGACCGGTTCTATAAAACTCTAAGAGCCGAACAAGCTTCACAGGATGTAAAAAAT 
ATACATCTGGCCAAGATATTTTGAGATTCTCGGCTTGITCGAAGTGTCCTACATTTTTTA 
1720 hindll, 
TrpMetThrGluThrLeuleuVal GlnASnAla ASnProASpCyslys ThreLeuys 

1743 TGGATGACAGAAACCTTGTTGGTCCAAAATGCAAACCCAGATGTAAGACTATTTTAAAA 
ACCTACTGTCTTTGGAACAACCAGGTTTTACGTTTGGGTCTAACATTCTGATAAAATTTT 
1796 ahalll, 

Eife:KEEEEEEEEEEEEEEEEEEEEEEE 1803 GCATTGGGACCAGCAGCTACACTAGAAGAAATGATGACAGCAGTCAGGGAGTGGGGGG 
CGTAACCCTGGTCGTCGATGTGATTTCTTTACTACTGTCGTACAGTCCCTCACCCCCCT 
1827 mbol, 

PrOGlyHiSLySAka ArgWAleulla Glu AlaMetSerGlnVAl Thr ASnProAla-ASn 
1865 CCCGGCCATAAAGCAAGAGTTTTGGCTGAAGCCATGAGCCAAGTAACAAATCCAGCTAAC 

GGGCCGGTATTTCGTTCTCAAAACCGACTTCGGTACTCGGTTCATTGTTTAGGTCGATTG 
p18 

leMetMetGnArgyASniphergASnGlnArgySThrWaysCysPhesnys 
1923 AAATGATGCAGAGAGGCAATTTTAGGAACCAAAGAAAGACTGTTAAGTGTTTCAATGT 

TATTACTACGTCTCTCCGTTAAAATCCTTGGTTTCTTTCTGACAATTCACAAAGTTAACA 
gly.YSGuGlyHiSIleAlaySASnCySArgAlapro ArgystysGlyCys TripAr 1983 SAEEA.iiii SEE iäSEf AE 
CCGTTTCTTCCCGTGTATCGGTTTTTAACGTCCGGGGATCCTTTTTCCCGACAACCTCT 
20l. apal, 2019 awr2, 

CysGlyAr EEEEEEEEEEEEEEEEEE 205 TGTGGAAGGGAAGGACACCAAATGAAAGATTGCAC6AGAGACAGGCAATTTTTTAGGG 
ACACCTTCCCTTCCTGTGGTTTACTTTCTAACGTGACTCTCTGTCCGATTAAAAAATCC 
202 mb.011, 

EEEEEEEKEKSEKEEEEEEEEEEE PrOGPr0 2105 AAGATCTGGCCTTCCTACAAGGGAAGGCCAGGGAATTCTCAGACAGACCAGAGCCA 
TICTAGACCGGAAGGATGTTCCCTTCCGGTCCCTTAAAAGAAGTCTCGTCTGGTCTCGGT 
2104 bgll, 2141 inboll, 

FIG. 4E 
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ER2EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 263 ACAGCCCCACCAGAAGAGAGCTTCAGGTTTGGGGAGGAGAAAACAACTCCCTCTCAGAAG 
TSTCGGGGTGGTTTCTCTCGAAGTCCAAACCCCTCCTCTTTTGTTGAGGGAGAGTCTTC 
275 Ib011, 
GlnGluProleAsplysGluteuTyrProLeu ThrSerleuAfgSereuphegyAS 

2223 CAGGAGCCGAAGACAAGGAACTGACCTTTAACTTCCCTCAGAT CACTCTTGGCAAC 
6fCCTCGGCATCGCCTTGACATAGGAAATTGAAGGGAGTCTAGTGAGAAACCGTTG 
ASppOSeSerGlnOC 

2283 GACCCCCGTCACAATAAGGATAGGGGGGCAACTAAAGGAAGCTCTATTAGATACAGGA 
C6666AGCATGTATTCCTATCCCCCCGTTGATTTCCTTCGAGATAATCTATGTCCT 

MetASnLeuProGlyLysTrpLysProlysMetle 
2342 cAGATGATACAGTATTAGAAGAAAEife:EEirikiEEASA Ali 

GTCTACTATGTCATAATTTCTTTACTTAAACGGTCCTTTTACCTTTGGTTTTTACTAT 
2360 b0, 2375 bStx, 
GlyGylleGlyGlyPhelleLysval ArgilnTyr AspGlneProVal Glulleys 

2402 GG 3. 8. SPEACEAAA' 
CCCCCTTAACCTCCAAAATAGTTTCATCTGTCATGCTAGTCTATGGACATCTTTAGACA 

GlyHSLySA la I leGl Alf::EXEEEEEEEEEEE 2462 GGACATAAAGCATAGGTACAGTATTAGTAGGACCTACACCTGTCAA CATAATTGGAAG 
CCTGTATTTCGATATCCATGTCATAATCATCCT66ATGTGGACAGTTGTATTAACCTTCT 
25.7 mbol, 
ASnLeuleuThrGinleGlyCySThieu ASPhepro leSerPOleg UThrWal 

2522 AATCGTTGACCAGATTGGTTGACTTTAAATTTCCCCATTAGCCTATTGAAACTGTA 
TTAGACAACTGAGTCTAACCAACATGAAATTTAAAGGGGTAATCAGGATAACTTTGACAT 
2548 ahall, 2577 tthill, 
ProWaltySLeulysProGlyMet Asp6lyProLysVal LysGlnTrpproLeu Thru 

2582 CCAGTAAAATTAAAGCCAGGAATGGATGGCCCAAAAGTAAGCAATGGCCATTGACAGAA 
GGTCATTTTAATTTCGGTCCTTACCTACCGGGTTTTCAATTCGTTACCGGTAACTGTTT 
2627 ball, 2639 Inboll, 
GULySIey SA lateuVal 

26426AAAAAATAAAAGCATAGTA 
CTTTTTTATTTTCGTAATCAT 

GUI 
GAGA 

TT CTCT 

LySleGyPrOGUASnProTyrA EEislikiSEE 2702 AAAATTGGGCCTGAAAATCCATACAATACTCCAGATTTGCTATAAAGAAAAAAGACAG 
TTTTAACCCGGACTTTTAGGTATGTTATGAGGTCATAAACGATATTTCTTTTTTCTGICA 
2759 Sca 
ThryST 

2762 ACTAAAT G 
TGATTTAC 

A 
T 

lu 18iSEESAERSEAEskiii. AGATATGTACAGAAATGGAAAAGGAAGGGAAAATTTCA 
TCTATACATGTCTTACCTTTTCCTTCCCTTTTAAAGT 
yr ASn 
ACAAT 

EiEEE GULeuASny SArgThrGnASpherp AAACTAGTAGATTTCAGAGAACTAATAAAAGAACTCAAGACTTCTGG 
TTTTGATCATCTAAAGTCTCTTGAATTATTTTCTTGAGTTCTGAAGACC 

yePOHiSPOG nGyOC UG AggAAAASCASSSIAAAAAAAgAAAAAAAAAASA 
TCCTTATGGTGTGGGCGTCCCAATTTTTTCTTTTTTAGTCATTGTCAT 

FIG. 4F - - - - 

GluVal G 
2322 GAAGTTC 

CTTCAAG 

l 

pAr 
GAG 
CTC 

ne 
GT 
CAA 
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2882 TTGGATGTGGGTGATGCATACTTTTCAGTCCCTTAGAAAAGACTTTAGAAAGTATACTG 
AACCTACACCCACACGTATGAAAAGTCAAGGGAATCTATTTCTGAAATCTTTCATATGAC 
2895 awa, 

MetAr EEEEEEEEEEEE POL AGTATAAACAATGAGACACCAGGGATTAGATATCAGACAATGTGG 
TCATATTTGTTACTCTGTGGTCCCTAATCTATAGTCATGTTACACC 

2943 CATTTACCATACC 
GTAAAGGTATGG 

2985 eCOS, 

T 
A 

LeuPrOG GlyTrpLySGySerPrOAlaePheGnSerSerMet Thrysle 
5003 CTGCCACAGGGATGGAAAGGATCACCAGCAATATCCAAAGTAGCATGACAAAAACT 

gACGGTGTCCCTACCTTTgCTAGTGGTCGTTATAAGGTTTCATCGTACTGTTTTTAGA 
3003 tthill, 3006 bStx, 302 bin, 

SEEAEGEEEEEEEEEEEEEE LeuTyr 3063 GAGCCTTTTAGAAAACAGAATCCAGACATAGTTATCTATCAATACATGGATGATTTGAT 
CTCGGAAAATCTTTTGTCTTAGSTCTGTATCAAT AGATAGTTATGACCTACTAAACATA 
Val GySerASDLeuGlu leGlyGnhiSAfghrysleGUGetArgGl?.His 

323 GTAGGACTGACTTAGAAAAGGGCAGCATAGAACAAAAAT AGAGGAACTGAGACAGCAT 
CATCTAGACTGAATCTTTATCCCGTCGTATCTTGTTTTTATCTCCTTGACTCTGTCGTA 
526 bin, 37 tthil, 
LeuleurgrpGlyPheThrthrpro ASpysysh islnLysGuProProPhee 

585 CTGTTGAGGTGGGGATTTACCACACCAGACAAAAAACATCAGAAAGAA CCTCCATTCCT. 
GACAACTCCACCCCTAAATGGTGTGGTCTGTTTTTTGTAGTCTTTCTTGGAgGTAAGGAA 
323 bStXI, 

TrpMetGlyTyrGlueuh isproASpySTrpThrVal GlnProleMetLeuPrOGlu 
523 TGGATGGGTTATGAACTCCACCTGATAAAGGACAGACAGCCTATAATGCTGCCAGAA 

ACCACCCAATACTTGAGGTAGGACTATTTACCTGTCATGTCGGATATTACGACGGTCT 

{RERESETEEFASSEE SLeVal GlyLySLeuASnr plaSer 5503 AAAGACAGCTGGACTGTCAATGACAACAGAAGTAGGGGAAAATTGAATTGGGCAAGT 
TTTCTSTCGACCTGACAGTTACTGTATGTCTTCAATCACCCTTTTAACTTAACCCGTTCA 
3.308 pvul, 
Gl?ley AlaGlyelySVal Lys6 neucyslyseuLeuArgGlyThrySA la 

33.63 EAAF: iSEASE Ei A 
GTCTAAATACGTCCCTAATTCATTTCGTCAATACATTTGAGGAATCTCCTTGGTTTCG 
euThr61 WalleProleuThrGluGluAlaGuleuGiuleUAlaGluASnArgGlu 

3423 CTAACAGAAGTAATACCACTAACAGAAGAAGCAGAGCAGAACTGGCAGAAAACAGGGA 
GATTGTCTTCATTATGGTGATTGTTTCTTCGTCTCGATCTTGACCGTCTTTTGTCCCTC 
3447 bOll, 

eleySG UPOVal HisGuVal TyrT SEESSEE 3483 ATTCAAAAGAACCAGTACATGAAGTAATTAGACCCACAAAAGACAGTAG 
TAAGATTTTCTTGGTCATGTACTTCATATAATACTGGGTAGTTTTCTGAATCATC 
egnySG nGlyGnglyGnTrpThrTyrGln EleTyrGlnGuProPhel 

353 ATACAGAAGCAGGGGCAAGGCCAATGGACATATCAAATTATCAAGAGCCATTTA 
TATGTCTCGTCCCCGTTCCGGTTACCTGTAAGTTTAAAAGTTCTCGGTAAAT 
5594 ahall, 

FG, 4G 

  



U.S. Patent Mar. 2, 2010 Sheet 9 of 59 US RE41,158 E 

Lelysh Glyly STy? Ala ArgetArgGlyAllah ShriSASpValysGle 
3603. CTGAAAACAGGAAAGTATGCAAGGATGA6GGGGCCCACACAATGATGTAAAACAGTTA 

GACTTTTGTCCTTTCATACGTTCCTACTCCCCACGGGTGTGATTACTACATTTTGTAAT 
3659 hpal, 
ThrGUAlaVal GnySVal SerThrGluSerleValleTrpGlyySIleProLyS 3663 A&AEEEAGREEEEEEEEEEEEEEEiki 
TGTCTCCGTCACGTTTTTCATAGGGTCTTTCGTATCATTATACCCCTTTCTAAGGATTT 
PhelyseuProleGlnLysGluThrTrpGUAaTrpTrpMetGluTyrTrpG Ala 

57.25 TTTAAACACCCATACAAAAGGAAACATGGGAAGCATGGTGGATGGAGTATTGGCAAGCT 
AAATTTGATGGGTATGTTTTCCTTTGTACCCTTCGTACCACCTACCTCATAACCGTTCGA 
3723 ahall, 
Thrrp leProGluTrpGlupheval ASnThrprOPOLeuVal LySLeuTrpTyrGln 

5783 ACCTGGATTCCTGAGGGGAGTTTGTCAATACCCCTCCCTTAGTGAAATTATGGTACCAG TGGACCTAAGGACT CACCCTCAAACAGTTATGGGGAGGGAATCACTTTAATAgCATGGTC 
3835 kpnil, 

EEEEEEEEEEEEEEEEEEEE 5845 TTAGAGAAAGAACCCATAGTAGGAGCAGAAACTTTCTAGTAGATGGGGCAGCTAATAG 
AACTCTTTCGGGTATCATCCTCGCTTGAAAGATACATCACCCCGTCGATTATCC 
GluThrLySLeuGlyLys AlaGlyTyrValThrA SpArgGlyArg6 InlySWaWa Ser 

5905 GAGACTAAATTAGGAAAAGCAGGATATGTTACTGACAGAGGAAGACAAAAAGTGTCTCC CTCTGATTTAATCCTTTTCGTCCTATACAATGACTGTCTcgTTCTGTTTTTCAACAGAGG 
393 Ibol, 

e Ala ASpThrthrSnGLySTfGlueu6 nAlal leiseulaleu6l ASD 
5965 ATAGCTGACACAACAAATCAGAAGACTGAATTACAAGCAATTCATCTAGCT, GCAGGA 

TATCGACTGTGTTGTTTAGTTTCTGACTTAATGTTCGTTAAGTAGATCGAAACGTCCTA 
5985 Mb0l., 
SerGlyLeuGluVal Asn1 leWalThraspSerGlnTyr Alaleugly leIleGlna 

4023 TCGGGATTAGAAGAAACATAGTAACAGACTCACAATATGCATTAGGAATCATTCAAGCA 
AGCCCTAATCTTCATT TGTATCATTGTCTGAGTGTTAACGT AATCCTTAGAAGTTCGT 
060 avas, 

6 nProASpy SSer61 USerGluteuVal SerGne eGUG neuley Sys 
4083 SASSESSAISASA ASSESSAASSSSAA GTTGGTCTATTCTCACTTAGTCTCAATCAGTCAGTTTATTATCTCGTCAATTATTTTTTC 

SAKTKEEEEEEEEEEEE SGlyeGlyGyASG UG nVal 443 GAAAAGGTCTACCTGGCATGGGTACCAGCACACAAAGGAATTGGAGGAAATGAACAAGTA CTTTTCCAGATGGACCGTACgCATGGTCGTGTGTTTCCTTAACCTCCTTTACTTGTTCAT 
4165 kD1, 
AspysLeuVal SerAlaGlylleArgySVal LeuPheleuASnGlyleAspLySAla 

4203 GATAAATTAGTCAGTGCTGGAATCAGGAAAGTACTATTTTTGAATGGAATAGATAAGGC 
CTATTTAATCAGTCACGACCTTAGTCCTTICATGATAAAAACTTACCTTATCTATTCCGG 
4232 Scal, 

FIG. 4H 
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GGuGull SGluys Tyrhi SSerASnTripArgAlaMetAlaserASDPhesneu 
265 CAAGAAGAACATGAGAAAATCACAGTAATGGAGAGCAATGGCTAGTGATTTTAACCTG GTTgTTCTTGTACTCTTTATAGTGTCATTAACCTCTCGTTACCGATCACTAAAATTGGAC 

4266 TbOl, 
ProProVal Val AlaySGuleVal AlaSerCySASpySCysG) neuysGlyGlu 

4325 CCACCTGTAGTAGCAAAAGAAATAGAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAA 
GGTGGACATCATCGTTTTCTTTATCATCGGTCGACACTATTTACAGTCGATTTTCCTCTT 
4552 pVull, 
AlaMethi S6lyGln Val ASDCySSerPrOGlyeTrpGlneuSDCySTHSeu 

4.385 GCCAGCATGGACAAGTAGACTGTAGTCCAGGAATATGGCAACTAGATTGACACATCTA 
CGGIACGTACCTGTTCATCTGACATCASGTCCTTATACCGTTGATCTAACATGTGTAGAT 
43.86 ava, 4410 bStXI, 4439 xball, 

Ekki Eisle. ES3EEEEEEE| 4445 GAAG6AAAAAT ATCCGGAGCAGTCATGTAGCCAGTGGATATATAGAASCAGAAGT 
CTTCCTTTTTAATAGGACCATCGTCAAGTACATCGGCACCTATATATCTTCGTCTTCAA A. 

4497 xmn, 

EEEEEEEEEEEEEEEEEEEEEEEEEEE 4505 ATTCCAGCAGAGACAGGGCAGGAAACAGCATATTTTCTCTAAAATTAGCAGGAAGATGG 
TAAGGTCGTCTCGTCCCGTCCTTGTCGATAAAAGAGAATTTAATCGTCCTTCTACC 
555 TbO, S60 ball, 
POVal LySThreh is ThrASpASnGySer ASnPheThrSer 

4565 CCAGTAAAAACAATACATACAGACAATGGCAGCAATTCACCAGT 
GGTCATTTTTGTTATGTATGTCTGTTACCGTCGTTA 
4605 Scal, 
AlaySIppAlaGlyleLys6l nGuPheGlyleProTyrASnProGnSerGln 

4625 GCCTGTTGGGGGCAGGGACAAGCAGGAATTGGCATCCCTACAATCCCCAAAGCAA 
CGGACAACCACCCGTCCTAGTTCGTCCTTAAACCGTAAGGGATGTTAGGGGTTTCAGTT 
l,639 bin 
GlyWaWa GUSerMetASnASnGlueullyslys 

4683 Sg8ASSESSESSAA 

ThrThrWay's Ala 
ACTACGGTTAAGGCC 

AAGTGGICATGATGCCAATTCCGG 

ele 
TATA 

CCTCATCATCTTAGATACTTATTACTTAATTTCTTTTAAT 

y 
A 
T A 

AlaGluhi SLeutySThralaVal GlnMetAlaVal Phe 
4743 GCTGAACACC TAAGACAGCAGTACAAATGGCAGATTCAT 

CGACTTGTGGAATTCTGTCGTCATGTTTACCGTCATAAGTA 
4752 all fill, 479 ahall, 
GlyGlyleGlyGlyTyrSerAla 

4803. GGGGGSATGG EEEEEE 
CCCCC CCCTATGTCACGT 

T 

e 
C 
6 

ASple leAla 
GACATAATAGCAA 

l hrAS 
A CAGA 
TCTGTATTACGTTGTCT 
n yr 

AT 

CTAACC T 
TySGlueu6 n. 
TAAAGAACTACAAA 
ATTTCTTGATGTTT 

ASnPhergWalT 
AAAATTTCGGGTTT 

A 
G 
C 

T 
T 

CG 
ySG y 
AGCA A 
CGT T 

FIG. 4 
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AspAsnLysAspproleuTrpLysGlyPro AlalysLeuleuTrplysGlyGlugly Ala 
l923 Eiji E88853 CCAGCAAAGCTCTCTGGAAAGGGAAGGGGCA 

CTGTTGTTTCTAGGGGAAACCTTTCCTGGTCGTITCGAAGAGACCTTTCCACTTCCCCGT 
4956 d1, 
Val Val IleGInAspASnSerAspilleLysVal Val ProArgArgySA laySlee 

l983 GTAGAAACAAGAAATAGGACATAAAAGTAGTGCCAAGAAGAAAAGCAAAAATCATT 
CATCATTATGTTCTATATCACTGTATTTTCATCACGGTTTTCTTTTCGTTTTTAGTAA 
5023 TbOl, 

SEESEARESSESSESSASEA MetArgle AEE788iSEE fEEEYi SEESAERE 8. SO 5043 AGGGATTATGGAAAACAGATGGCAGGGATGATTGTGTGGCAAGTAGACAGGATGAGGAT 
TCCCTAATACCTTTTGTCTACCGTCCACTACTAACACACCGTTCATCTGTCCTACTCCTA 

ArgTreTrolysserLeuvallyshishisNetTyrtleSerlyslysAlalysGlyTr D 
5103 TAGAACATGGAAAAGTTTAGTAAAACACCATATGTAATTTCAAAGAAAGCTAAAGGATGG 

ATCTTGTACCTTTTCAAATCATTTTGTGGTATACATATAAAGTTTCTTTCGATTTCCTACC 
551 del, 

PheTyr Ar AAIXEiEEEEEEiSEEAA 563 TTTTATAG SSSAAAAASSESSAS ASSAASSAS AAAATATCTGTAGTGATACTTICATG GTCTCATTCAAGTCTTCATGTGTAG 
585 SCall, 
PrOLeuGly ASpA laySLeuVal eThrhrTyrrpGlyeul STh GlyGlur 

5221 CCCCTAGGGGATGCTAAATTGGTAATAACAACATATTGGGGTCGCATA CAGGAGAAAG 
GGGGATCCCCTACGATTTAACCATTATTGTTGTATAACCCCAGACGTATGTCCTCTTTCT 
5223 av.2, 

EEEEEEEEEEEEEEEEEEEEikali rSerThr61 in 5281 GAATGGCATTTGGGCCAGGGAGTCGCCAAGAATGGAGGAAAAAGAAATAAGCACACAA 
CTTACCGTAAACCCGGTCCCTCAGCGGTATCTTACCTCCTTTTTCTTTATATCGTGTGTT 

EiEEEEEEEEEEEEEEEEEEEEEEEEEE 5341 GTAGACCCTGGCCTAGCAGACCAACTAATTCATCGCATTATTTTGATTGTTTTTCAGAA 
CATCTGGGACCGGATCGTCTGGTTGATTAAGTAGACGTAAAAAACTAACAAAAAGTC 
SerAlaley SASnAla I leLeu6 yTyrArgWalSePrOA fiSEER 

540, TCTGCTATAAAAAAGCCATATTAGGATATAGAGTTAGTCCTAGGTGTGAATATCAAGCA 
AGACGATATTTTTTACGGTATAATCCTATATCTCAATCAGGATCCACACTTATAGTTCGT 
5440 avr2, 
GlyHSASnySVal GlySerLeuGlnTyreulaleu AlaAlaleuleThrproLyS 

546 GGACATAACAAGGTAGGATCTCTACAATACTTGGCACTAGCAGCATTAATAACACCAAAA 
CCTGTATTGTTCCATCTAGAGATGTTATGAACCGTGATCGTCGTAATTATTGTGGTTTT 
576 bn , 
Lys.ThrLysProProLeuProServal LysLysLeuThrGluAspArgTrpAsalysPro 

552l AAGAAAAGCCACCTTTGCCASGTAAGAAACTGACAGAGSAAGATGGAAAAGC TTCTGTTTCGGGGAAACGGATCACAATTCTTTGACTGTCTCCTATCTACCTTGTTCGGG 

FIG. 4 
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GlnySThrySGlyHiS ArgySerHSThrMetASnGlyHiSAM 558 AEGEE SSAA EiEEEEEEEEEGAccIITTAGAGG 
GTTTCTGGTTCCCGGTGTCTCCCTCGGTATGTTACTTACCTGTGATCTCGAAAATCTCC - 
5583 mbol, 

564 AGCTAAGAGAGAAGCTG TAGACATTTTCCTAGGC TCGAATTCTCTCTTCGACAATCTGTAAAAgGATCCG 
5643 af, 567O aWr2, 5676 incol, 

570 ATATCTATGAAACTTAGGGGATACTTGGGCAGGAGTGGAAGCCATAATAAGAATTCT 
TATAGATACTTTGAATACCCCTATGAACCCGTCCTCACCTTCGGTATTATTTTAAGA 
57.52 eCOrl, 

576. AACAACTGCTGTATTCATTTCAGAATT 
TTGTTGACGACAAATAAGTAAAGTCTAA C 

582 AACAGAGGAGAGCAAGAAGAAATGGAGCCA TTGTCTCCTCTCGTTgTTCTTTACCTCGGT 
5836 b0l., 5862 xba, 

588 CCAGGAAGTCAGCCTAGGACTGCTTGTAACAATGCTATTGAAAAAGGTTGCTTCAT 
GGTCCTTCAGTCGGATCCTGACGAACATTGTTAACGATAACATTTTTCACAACGAAAGTA 
5893 av.2, 

594 TGCTACGCGTGTTTCACAAGAAAAGGCTTAGGCATCTCCTATGGCAG 
ACGAIGCGCACAAAGTGTTCTTTTCCGAATCCGTAGAGGATACCGTC 
5945 Tul, 5988 b0l., 

600 CAGCGACGAAGAGCTCCTCAGGACAGTCAGACTCATCAAGCTTCCTATCAAAGCAGTAA 
GTCGCTGTTTCGAGGAGTCCTGTCAGTCTGAGTAGITCGAAGAGATAGTTTCGTCATT 
6008 mboll, 60 Saci, 6015 mSt I, 6038 hindl.ll, 

6061 GTAGTAAATGTAATGCAATCTTACAAATATTAGCAATAGTATCATAGTAGTAGTAGCA 
CATCATTACATTACGTTAGAAATGTTATAATCGTTATCATAGTAATCATCATCATCGT 

612 ATAAAGCAATAGTTGTGTGGACCATAGTACTCATAGAATATAGGAAAATATTAAGACAA 
TATTATCGTTATCAACACACCTGGTAICATGAGTATCTTATATCCTTTTATAATTCTGTT 
6147 Scal, 

CATGGCTCCAAGCTTAG 
GTACCGAGGTATCGAAC 

C 
G 

GGTGTCAA CATAGCAGAATAGGCATTATTC 
CCACAGTGTATCGCTTATCCGTAATAAG 

GTA 
CA 

GATCCTAATCTAGAGCCCTGGAAGCAT 
TCTAGGATTAGATCTCGGGACCTTCGTA 

GAAGAAGCGGAGA 
gTTCTTCGCCTCT 

MetLyS 
68 AGAAAATAGACAGATTAATGATAGAATAAGAGAAAAAGCAGAAGACAGTGGCEiki 

TCTTTTATCTGTCTAATTAACTATCTTATTCCTTTTTCGTCTTCTGTCACCGTTACT 
6222 mb0ll, 

YalysGlyThrrgArgASnTyrGnisLeuTripAr TEEEEEEEEEEE 6241 GTGAAGGGGACCAGGAGGAAATCAGCACTGGGAGATGGGGCACCGCTCCTTGGG 
CACTCCCCTGGTCCTCCTTAATAGCGTGAACACCCTACCCCGGGAACGAGGAACCC 

Sigifier8 SEEKift:8:ERTKXFEEE 630 ATGTTGATGATCTGTAGTGCTACAGAAAAAGGGGTCACAGTTATATGGAGTACC 
TACAACTACTAGACATCACGATGTCTTTTTAACACCCAGTGTCAAATAATACCTCATGGA 

FIG. 4K 
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FEEEEEEEEEffieliki AERE rASpThr 636 GTGG6AAAGAAGCAACTACCACTCATTTGTGCATCAGATGCTAGAGCATATGATACA 
CACACCTTTCTTCGTTGATGGT6AGATAAAACACGTAGTCTACGATCTCSTATACTATGT 
6410 inde, 

GluVal HiSASnVal TripAaThrHiSA lacySVal PrOThrAspproASPTOGG 
6421 GAGGTACAAATGTTTGGGCCACACATGCCT6TGTACCCACAGACCCCAACCCACAAGAA 

CTCCAGTATTACAAACCCGGTGTGTACGGACACATGGGTGTCTGGGGTGGGTGTTCTT 

AEASEASPASETS SASnASnMetVal Gulf 648 GTAGTATTGGGAAATGTGACAGAAAATTTAACATGTGGAAAAATAACATGGTAGAACAG 
CATCATAACCCTTACACGTCTTTTAAAATTGTACACCTTTTTATTGTACCATCTTGTC 
MetG nGluASpllel leSerLeuTripAspGlnSerLeuysProCySVal LySLeuThr 

654 ATGCAGGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGTAAAATTAACC TACGTCCTCCTATATTAGTCAAATAcgCTAGTTTCGGATTTCGGTACACATTTTAATTGG 
6567 bin, 

PrOLeuCySVal ThreuASnCySThrASpleuGlyly SA lahr ASnThrSnSeSer 
660 CCA CTCTGTGTTACTTTAAATTGCACTGATTGGGGAAGGCTACTAATACCAATAGTAGT 

GGTGAGACACAATGAAATTTAACGTGACTAAACCCCTTCCGATGATTATGGTTATCATCA 
665 ahall, 

ASn TrpLySGluGu IeySGyGlulely SASnCysSerPheaSnlethrThrSer 
666. AATTGGAAAGAAGAAAAAAAGGAGAAATAAAAAACTGCTCTTTCAAATCACCACAAGC TTAACCTTTgTTCTTTATTTTCCTCTTTATTTTTTGACGAGAAAGTTATAGTGGGTTCG 

6670 b0ll, 

Ile AfgASDLySI leGln LySGUASn AlaleuPheArgASnLeuASpVal Val PrOle 
6721 ATAAGAGATAAGATTCAGAAAGAAAATGCACTTTTTCGTAACCTTGATGTAGTACCAATA 

ATCTCTATTCTAAGTCTTTCTTTTACGTGAAAAAGCATTGGAACTACATCATGGTTAT 
ASpASnAlaser Thrh ThrASnTyrihr ASnTyrArgeulleh SCySASnArgSer 

6781 GATAATGCTAGTACTACTACCAACTATACCAACTATAGGTTGATACATTGTAACAGATCA 
CTATTACGAICATGATGATGGTTGATATGGTTGATATCCAACTATGTAACATTGTCTAGT 
6790 Scal, 

ValleThrGln Ala CysProLySVal SerPheGluprOleProleHiSTyrCySThr 
684 GTCATTACACAGGCCTGCCAAAGGTATCATTTGAGCCAATTCCCATACATTATTGTACC 

CAGTAATGTGICCGGACAGGTTTCCATAGTAAACTCGGTTAAGGGTATGTAATAACATGG 
685. Stul, 
POAlaGlyPhelale 

690 CCGGCTGGTTTTGCGATT 
GGCCGACCAAAACGCTA 

hPheSnGyySGyPOCyS 
CGTTCAATGGAAAAGGACCATGT 
GCAAGTTACCTTTTCCTGGTACA 

T 
A 
T 

AgPro leVal SerTG neu 
A. CCAATAGTGTCAA CTCAACTG 

LeulySC 
CTAAAGT 
GATTC 

ThSWalSerThrWalGCyS 
CAATGA 

CA CCGGTTATCACAGTTGAGTTGAC 

y 
G 

A AC 
GCyShrH 

696 ACAAATGTCAGCACAGTA CAC 
TGTTTACAGTCGGTCATGTTACATGTGT 

A 
C A 

euleUASnGlySerLeuAlaGUGluGluVal Val 
702 CTGTTAAATGGCAGTCAGCAGAAGAAGAGGTAGTA GACAATTTACCGTCAGATCGTgTTgTTCTCCATCAT 

7042 TbOll, 7045 mbol, 7060 bgll, 

FIG. 4L 

Ile AgSerASpASnPheThrSn 
ATAGACTGACAATTTCACGAAC 
TAAICTAGACTGTTAAAGTGCTTG 
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ASn AlaySThreeWall 6 neuASnGUSerVal Ala Ile ASnCySTh Arg?O 
708 AATGCTAAAACCATAATAGTACAGCGAAGAATCTGTAGCAATTAACTGTACAAGACCC 

TTACGATTTTGGTATTATCATSTCGACTTACTTAGACATCGTTAATTGACATGTTCTGGG 
702 pvull, 

ASnASnASnThAf iSEE 74). AACAACAAACAAGAAAAAGTATCTATATAGG 
TTGTGTTATGTTCTTTTTCATAGATATATCCT 
7199 TbO, 

PrOGlyArgAlapheiSThrhGly E.A.A.A.: 
GGTCCCTCTCGTAAAGTATGTTGTCT 

Arg Ile leGlyAspleArgySA lahi SCySASn IleSerArgAlaGlpASAS 
720 AGAATAATAGGAGATATAAGAAAAGCACATTGTAACATTAGTAGAGCACAATGGAATAAC 

TCTTATTATCCTCTAATTCTTTCGTGTAACATGTAATCATCTCGTGTTACCTTATTG 
Threu6 Juln I leVal LyslyseuArgGluGlnPheGlyASnASnySThrilleVal 

7261 ACTTAGAACAGATAGTTAAAAAATTAAGAGAACAGTTTGGGAATAAAAAACAATAGC 
TGAAATCTTGTCATCAATTTTTAATTCTCTTGTCA AACCCTTATATTTTGTTATCAG 
PheaSnGnSerSerGlyGlyAspproGuleVal Methi SSerPheSnCySArgGly 

7321 AEEEEEEEEEEESAFE; 
AAATTAGTTAGGAGTCCTCCCCTGGGTCTTTAACATTACGTGTCAAAATTAACATCTCCC 
7331 mSti, 

SERESIEEEASEASTEEASSESS 738 GAATTTTTCTACTGTAATACAACACAACTGTTTAATAATACATGGAGGTTAAATCACACT 
CTTAAAAAGATGACATTAGTTGTGTTGACAAATTATTATGTACCTCCAATTTAGTGTGA 
GuglyThrysGlyAsnAspThrillel leLeuProCysArglleLysGnlleleASn 

7441 GAAGGAACTAAAGGAAATGACACAATCATACTCCCATGTAGAATAAAACAAATTATAAAC 
CTTCCTTGATTTCCTTTACTGTGTTAGTATGAGGGTACATCTTATTTGTTTAATATTG 

ESTEEEEEEAEilifs: SEEEEEEEEEiffi 750 ATGTGGCAGGAAGTAGGAAAAGCAATGTATGCCCCTCCCATTGGAGGACAAATTAGTTG 
TACACCGTCCTTCATCCTTTTCGTTACATACGGGGAGGGTAACCCCTGTTTAATCAACA 

EEEEEEEEEEEEEEEEEEEEEEE 7561 TCATCAAATATTACAGGGCTGCTATTAACAAGAGATGGTGGTACAAATGTAACTAATGAC 
AGTAGTTTATAATGTCCCGACGATAATTGTTCTCTACCACCATGTTTACATTGATTACTG 
Thr61 UVal PhergPrOGlyGyGlyASpMetArgASpASn TripArgSerGueuTyr 

762 AEEEEEEEEEEEEEEEE 
TGGCTCCAGAAGTCTGGACCTCCTCCTCTATACTCCCTGTTAACCTCTTCACTTAATATA 
7628 TbO, 
LysytySWall leLys leGUProLeu6ly leAlapro ThrySA laySAfgAr 

768l AAATATAAAGTAATAAAAATTGAACCATTAGGAATAGCACCCACCAAGGCAAAGAGAAG TTTATATTTCATTATTTTTAACTTGGTAATCCTTATCGTGGGTGGTTCCGTTTCTgTTCT 
77.56 mbol, 

WalVal GlinArgGluySArgAlaVal Gly leVal Gly e 
77ll GTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGTAGGA C 

CACCACGTCCTCTTTTTTCTCGTCACCCTTATCATCCT G 

EEEEEEEEEEEEEEEEEEEEE 780. SSSSSSSSSSSSSSSSSSSSSSSSSSS GCGCCTTCGTGATACCCGCGTCACAGAACTGCGACTGCCATG 

FIG. 4M 
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LeuleuSerGl liSAEEEEEEEEEEEEEEEEEEEAA 786 TTATTGTCTGGATAGTGCA ACAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAA 
AATAACAGACCAATCACGTGCGTCTGTAAACGA CTCCCGAAA CTCCGCGTTGT 
His euleuGlneuThrWalpolyl leLys6 neuGlnAlaArgWall Leu AlaVal 

792 CATCTGTTGCAACTCACAGTCGGGGCATCAAGCAGCTCCAGGCAAGAGCCTGGCTGTG 
GTAGACAACGTGAGGTCAGACCCCGTAGTTCGTCGAGGTCCGTCCAGGACCGACAC 
GUArg TyreurgASpG nGlnLeueu6ly lerpGlyCySSerGlyLySleue 

798. AREER GATCAA CAGCTCCAGGGATTTGGGGTTGCTCTGGAAAACTCATT 
CTTTCTATSGATTCgCTAGTTGTCGAgGATCCCTAAACCCCAACGAGACCTTTTGAGTAA 
7989 St. , 7995 bin, 8007 a V2, 

CyShrThrAlaVal ProTripAsn AlaserTrpSerASnlysSerLeuGluAspleTrp 
80ll TGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAAGACATTGG 

ACGTGGTGACGACACGGAACCTTACGATCAACCTCATTATTTAGAGACCTTCTGTAAACC 

8089 inboll, 

EASEEETEEEEEEEEEEEEEEEEEEEEEEEE 810 GATAACATGACCTGGATGCAGTGGGAAAGAGAAATTGACAATTACACAAACACAATAAC 
CTATTGTACTGGACCTACGTCACCCTTTCTCTTTAACTGTTAATGTGTTTGTGTTATAG 
ThrleuleuGluGl. USerGlnASnGlnGlnGully SASnGluGlnGluteuleugiulieu 

816l ACCTTACTTGAAGAATCGCAGAACCAACAAGAAAAGAATGAACAAGAATTAAGAATG TGGAATGAAgTTCTTAGCGTCTTGGTTGTTCTTTTCTTACTTGTTCTTAATAATCTTAAC 
870 boll, 

A SpySpAlaSerleuTrDASnTrppheSerleThrASnirpLeuTrp Tyrelys 
8221 GATAAGTGGGCAAGTTTGTGGAATTGGTTTAGCATAACAAACGGCTGTGGTATATAAAG 

CTATTCACCCGTTCAAACACCTTAACCAAATCGTATTGTTTGACCGACACCATATATTTC 
ePheleMetleWalGlyGlyLeuVal GlyLeuArglleVal PheAlaVal LeuSer 

828l ATATTCATAATGATAGTAGGAGGCTGGTAGGTTAAGAATAGTTTTTGCGTGOCT 
TATAAGTATTACTATCATCCTCCGAACCATCCAAATCTTATCAAAAACGACAGAAAGA 

EiSAEASEGEXEEEEEEEEEEEEEEE 854 ATAGTGAATAGAGTAGGCAGGGAACT CACCATGTCATTCAGACCCGCCTCCCAGC 
TATCACTTATCTCAATCCGTCCCTATGAGTGGTAACAGTAAAGTCTGGGCGGAGGGTCAG 
8400 aval , 
PQArgGlyPrOASpArgPrOASpGly IleGluGluGluGlyGlyGluArgASpArgAsp 

840 EEE CCCGACAG EiE&AEEEEEEEEEEEEE 
GGCTCCCCTGGGCTGTCCGGGCTGCCTTAGTTTTCTTCCACCTCTCTCTCTGTCTCTG 
8431 mboli, 8434 mboll, 

AEGEEE euVal Asp6l Ea:SSR; SerLeu 8461 AGACCGCGATTAGTGGATGGATTCTTAGCACTTACTGGGAAGATCGCGGAGCC 
TCTAGGCAAGCTAATCACCTACCTAAGAATCGTGAATAGACCCTCTAGACGCCTCGGAC 

A 

8505 mbol, 8505 bgl11, 
CYSLeyPheSeTyrArgArgleuArgAspLeuleuleulleAlaAlaArgThrValGlu 

852. IEEEEEEEEEE CGCTTGAGAGACTTACTCTTGATGCAGCGAGGACTGTGGAA ACGGAGAAGTCGATGGCGGCGAACTCTCTGAATGAGAACTAACGTCGCTCCTGACACCTf 
852.5 mbO, 

FIG. 4N 
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eleugly hisArgGlyTrpGluAlaleulystyrTrpTrpSerleuteuglnyl 
858 ACTGGGGCACAG ESESSEE TAAGACCCCGTGTCCCCCACCCTTCGGGAGTTTATAACCACCTCAGAGGACGTCATAA 

8629 pSt1, 

Illegl nGluleully SASnSerAlaVal SerTrple 
8641 ATTCAGGAACTAAAGAATAGTGCTGTTAGCTGGCT 

GTCCTTGATTTCTTATCACGACAATCGACCGA E. W i i : 
Ei ArgWall le(GUVal AlaGlin At 

GGACAGATAGGGTTATAGAAGTAGCACAAAG 
CCTGTCTATCCC CTTCATCGGTTTC 
r rgeue 

GGCTTTT 

i i 
TAA 
Glug 

870 GAGG 
CTCC 

HiSA 
CATA 

A. 
AATAT 

Arg legs XEEA GAAGAATTAGACA TGGAAA 
GAACCTTTCCGAAAACGATATTCACCCACCGT 

OC MetGlyGl U 
8761 GCTATAAGATGGGTGGC 

A ! 
ATA G 

nGl y 
GGG A 
CCC T GTATTTCTTAATCTGT 

8765 inbO1, 

LySA iSEESAAEEEEEEEEEEEEEEE 8822 AAACGTAGTATGGGTGGATGGTCTGCTATAAGGGAAAGAATGAGAC6AGCTGAGCCACGA 
TTTGCATCATACCCACCTACCAGACGATATTCCCTTTCTTACTCTGCTCGACTCGGTGCT 

EEEEEEEEEEEEEEEEEEEEEEEEEEEEASK 8882 SIGAGCCASCAGCAGAGGGGTGGGAGCAGAICTCSAGACCTGGAAAAACAISSAGA CgACTCGGTCGTCGTCTACCCCACCCTCGTCATAGAGCTCTGGACCTTTTTGTACCTCGT 
8883 tith Il, 896 aval Xhol, 
leThrSerSerASnThrAlaAla ThrASnAla ASDCyS AlairpLeu6luAlaGlnGlu 

8942 ACACAAgAGCAATACAGCAGCTACAATGCGAGGCCGGCAGAAGAAAGAS 
TAGTGTTCATCGTTATGTCGTCGATGATTACGACTAACACGGACCGATCTTCGTGTTCTC 
SAEEEEEEEEE EEEEEEEEEEEKE, 9002 ASSAAgASSIgggggggggAggAggAAggAATGAAAAg 
CTCTCTCCACCCAAAAGGTCAGTCTGGAGTCATGGAAATTCTGGTTACTGAATGTTC 
9005 mbOll, 9029 Mstill, 903.4 kpn1. 
AlaAlaleuAspleSerhisPheLeylysGlylysGlyGlyleuGluGlyLeylle LED 

9062 EiE AG $38,388 
CGTCGAAATCTATAATCGGTGAAAAATTTTCTTTTCCCCCCTGACCTTCCCGATTAAACC 
9085 ahal 11, 

SerGln ArgAr AIEEEEEEEEEEEEEEEEEEEE 9122 TCCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACACACAAGGCTACTTCCC 
AGGGTTTTTCTGTTCTCTAGGAACTAGACACTAGATGGTGTGTGTTCCGATGAAGGGA : 
929 mbol, 915.3 bin, 
ASPTT pinASnTyrThrPrOGlyPOGlyle ArgyrproLeu ThrphegyTrpCys 

91.82 EAEEEEEEEEEEEEEEEE, 
CTAACCGTCTTAATGTGTGGTCCCGGTCCTAGTTATAGGTGACTGGAAACCTACCACG 
92.0 bin, 92.16 eCors, 

FIG. 4O 
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93.99 aval, 947 SCall, 
yySASDCySOP 

9422 TACAAAGACGCTGACACGAGCTTTCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGG 
ATGTTTCGA CGACTGAGCTCGAAAGATGTCCCGAAAGGCGACCCCTGAAAGGTCCC 

982 AGGCGTGGCCTGGGCGGGACTGGGGA GTGGCGTCCCTCAGATGCTGCATATAAGCAGCTG 
TCCGCACCGGACCCGCCCTGACCCCTCACCGCAGGGAGTCTACGACGTATATTCSTCGAC 
9556 pVUll, 

952 CTTTTTGCCTGTACGGGTCTCTCTGGTTAG 
GAAAAACGGACATGACCCAGAGAGACCAATC 

9576 bgl11, 9590 SaCl, 

96.02 TAACTAGGGAACCCACGCTA AGCCTCAATAAAGCTTGCC 
ATTGATCCCTTGGGTGACGAATTCGGAGTTATITCGAACGG 
9620 afl 11, 9634 hindll, 

9662 GTGCCCGTCTGTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTG 
ACACGGGCAGACAACACACTGAGACCATTGATCTCAGGGAGTCTGGGAAAATCAGTCAC 

9722 TGGAAAAATCTCTAGCAG 
ACCTTTTTAGAGATCGC 

PheySLeuVal PrOVal GluROGlySVal Guglu Ala ASn GluglyGluRSAS 
922 TTCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAATGAAGGAGAGAACAAC 

AAGTTCGATCATGGTCAACTCGGTCTCTTCCATTTCTCCGGTTACTTCCTCTCTTGTTG 
9275 b0l., 

Se?ley LeyllisfroMet Serley'lissyMe:SYASPAlagylyssly alleyya) 
95O2 AGCTTGT ACACCCTATGAGCCTGCATGGGATGGAGGACGCGGAGAAAGAAGTGTTAGTG 

TCGAACAATGTGGGATACTCGGACGT ACCCTACCTCCTGCGCCTCTTTCTTCACAATCAC 

TEAEPEEK:39:38; 9562 TSGAGGTTTGACAGCAAACTAGCATTCATCACAGGCCCGAGAGCTGCACCGGAGA 
ACCTCCAAACTGTCGTTTGATCGTAAAGTAGTGTACCGGGCTCTCGACGTAGGCCICATG 

CCAGACTG 
GGTCTAGAC A ACCAGA 

TGGICT 

TTG A 
AAC TCAC 

FIG. 4P 
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US-o- 
-453 CTGGAAGGGCTAATTGGTCCCAAAGAAGACAAGAGATCCTTGACTGTGGACTACCAC 

ACACAAGGCTACTTCCCTGATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCA 

-333 CTGACCTTTGGATGGTGCT CAAGCTAGACCAGTTGAGCCAGAGAAGGTAGAA 6AGGCC 

AATGAAGGAGAGAACAACAGCTTGTTACACCCTATGAGCCTGCATGGGATGGAGGACGC6 
-214 GAGAAAGAAGTGTTAGGGGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCGA 

GAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCGAGCTTTCTACAAGGGACTTTCCG T 
-95 CTGGGGACTTTCCAGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGTCCCTCAGATG 

--U3 R-b- 
CGCAATAAGCAGCTGCTTTTTGCCTGACTG GGCTCTCTGGTTAGACCAGACTGAG R 

28 CCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCT CAAAAAGCTTGCCTT 
--R U5-b- 

GAGTGCTTCA AGTAGTGTGTGCCCGTCGTGGGA CTCTGGAA CAGAGATCCCTCA 

--U5 
48 GACCCTTTAGTCAGTGTGGAAAAATCCAGCAG TGGCGCCCGAACAGGGACGC6AAA 

GCGAAAGAGAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACAG 

268 CAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAATTTTTGACTAGCGGAGGCTAGAAG 
MetGlyAla ArgAlaSerVa LeuSerGlyGlyGULeuASDLySTD 

GAGAGAGAGATGGGTGCGAGAGCGTCGGTATTAAGCGGGGGAGAATTAGATAAA 
LySergeurgprOGlyGlytysysystyrySLeuys is leWa 

588 AAAATTCGGTAAGGCCAGGGGGAAAGAAAAAAATAAGTTAAAACATATAG 

SeArgGueuGluArgPhelaWa ASn PrOGlyLeuleUGluThrSer 
AGCAGGGAGCTAGAACGATTCGCAGTCAATCCTGGCCTGTTAGAAACAT 

17 

57 . & y g t CTT 2 508 AG TATTG 

97 

37 i 

e 77 

IA ittii A K : ::i s 

F G. 5 A 
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Ala Alalet.gnetLeylysGlyTheASIGyg Ala AlagypÅSpArgyle 217 G 
GCAGCCATGCAAATGTTAAAAGAGACTATCAATGAGGAAGCTGCAGAAGGGATAGAGTG 
SPOVal HSA aGyPro leAlaptoGyG nMetArgGPOAgGlySeASP 

988 CACCAGT6CATGCAGGGCCTATTGCACCAGGCCAAATGAGAGAACCAAGGGGAAGTGAC A 

REEEEEEEEEEEEEEEEEEEEEEEEEEE 257 ATAGCAGGAACTACTAG ACCCTTCAGGAACAAATAGGATGGATGACAAATAATCCACCT 
leProVal GlyGlueTyrLySAfgrple eLeu6liyeu ASnySleVal A? G 

08 AEREASE:38::iii. 

SSXSEEEEEEEEEEEEEEEEEEEEEEEEEEEEEAE 297 ATGTATAGCCCTACCAGCATTCTGGACAAAGACAAGGACCAAAGGAACCCTTAGAGAT 
TyrWaASDArgPhey fiy ShreuArgAlaluGlr AlaSerGln ASpVaySASn 

228 TATGTAGACCGGTCTAAAAACCTAAGAGCCGAACAAGCTTCACAGGATGAAAAAAT 

TrpMetThrGUThreueuVal Gin ASn Ala ASnPr0ASpC Kiki 337 
TGGATGACAGAAACCTGTTGGTCCAAAATGCAAACCCAGATTGTAAG ACTATTTAAAA 

AlaeuSly POAla Alafhreu6 uGluMetMethrAlaCysG nGlyVal GlyGly 
l348 (GCATTGGGACCAGCAGCTACACTAGAAGAAATGATGACAGCATGTCAGGGAGTGGGGGGA 

EEEEEEEiki Eisle. EiEEEEEEEEEEASE 377 CCCGGCCAAAAGCAAGAGTTTTGGCTGAAGCCATGAGCCAAGAACAAATCCAGCTAAC 

leMetMetGlin ArgGyASnPheAr ASEAE SThrWaySCySPheSnCyS 
168 ATAATGAGCAGAGAGGCAATTTAGGAACCAAAGAAAGACTGTAAGGTTTCAATGT 

GlyySGuGlyhis leAlaySASnCyS ArgAlaproAr LySG STripArg 17 EEEEEEEEASE {i. CAG EEEEEEki SEFEEE 
CysGlyArgGluGlyhisGinMetLysAspcysThrGluÁrgGlnAlaAssy Af 

ls88 TGTGGAAGGGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTTTAGGG 

ySI leTrpproSerTyrySGlyAr ESSESSEE 57 
SREPRESS: 8EEEEEEEE hr ArgA a 25 AAGACTGGCCTCCTACAAGGGAAGGCCAGGGAATTCTTCAGAGCAGACCAGAGCCA 

Thlap?gPrOGGUSerPheArgPheGlyGLG LyshrihrProSerGlnys 
ASSerPOThrArgArgGuleUGlnWaTrpGiyGyGASnASnSerleuSerGUA 

1708 iSEEEEEEEEE AE8853 p 
Gln UProlleAspysGlueuTyrProteuThrSerLeuArgSerleuPheGlyAsn 497 
lay Alasp.AfgglinglyThrVal SerPheASnPheproGlneTheUrpGln 63 
CAGGAGCCGATAGACAAGGAACTGTATCCTTAACTTCCCTCAGATCACTCTTGGCAAC O 

AASBESSESS gleGlyGlyGlneuysGluAlaleuleuASpThr61 yA S 
828 EEEEEEEEEEEEEEEEii ACAGGAG L 

laSPASphrya LeuGluGluMetAsnLeuProGlyLysTrpLysProLysMetle 103 
iCAAEEEEEEEEEEEEEE AAGATAG 

Gygly leglyGlyPhelleysVal ArgGlnTyrAspGlnileProVal GiuleCysG 
1948 GGGGAATTGGAGGTTTACAAAGAAG KEEEEE 

FIG. 5B 
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li;,&EEEEEEEEEEEE 43 ATTAG TAGGACCTACACCTGTCA ACATAATGGAAGAA 

SerPro leGUThrVa P ASSEY. e ASnPheroe 2068 ACTGTTGACCAGATTGGTTGTACTTAAATTTCCCCATAGTCCTATTGAAACTGTAC 
SThr ASnLeuleuhr 

pipherDG 
CTTCGGG 

rVal ThrVal 265 ySly SSe 
AAAAATCAGTAACAGTAT 

iAEEEi ACTTAATAAAAGAACTCAAGA 

L 
A 

(1) No. 

uleUAS 

IXESEP SPO 
ATCCAACAATACTCCAGTA 

A 
A 

STyrThrA 
GTAACTG 

TASnWall 505 

y 
AA 

Sphe Ar pAaTyrPheSerVal ProLeu Val Gly AS A SpySA 
228 Eiffeif{E} LeUAS 

SnASG UThrPrOGlyleArgyrgny 
ACAATGAGA CACCAGGGATTAGATATCAGTACAATGTGC 

SeSerMeth 

T 
A 

Pher 
TTCCAAAGTAGCATGAC 

A 
A 

Val GlySer ASDLeu 
GGA 

a Gl 
2658 TAGGATCGACTA 

luProProPheleu 583 
AACCTCCATTCCTTT 

pGlyPheThrprOASpySLySHiSGnyS i EEEEEEEEEEEEiji 
TrpMetGlyTyrGULeuli 

2788 GGATGGGTTAGAACTCCA 

euleu Arg 
T 

pe GlyLySLeu ASTDAlaSer 425 
CATACAGAAGTAGTGGGAAAATTGAATGGGCAAGTC 

Glny SeuVal 

SGinleucy SySLeuleu ArgGlyThrySAla laGye-ySWally : 
2908 AGATTATGCAGGGATTAAAGTAAAGCAGTTATGTAAACTCCTTAGAGGAACCAAAGCAC 

Gln I leTyrA 

P GU 465 
GAGA 

leteuly SG1 uproVal HisGluVal TyrTyrAspproSerL 
3028 iii.EEEEEEE 

e iSTh ASn ASpVal Leuysh rgyllys TyrAlaArgetArgGlyAllah SG 
3148 AEEEEEEEEEE 

FIG. 5C 

A EEEEEEE|{i GAGGCAGTGCAAA CA 
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sGluThrTrpGluAla TrpTrpMetGluTyrTrpGlnAla T LySLeuPOleGnly 
AAACTACCCATACAAAAGGAAACATGGGAAGCATGGTGGATGGAGTATTGGCAAGCA 
ey 

A 
Ph 

3268 

ASGuG nWall 705 

Alala ASn 

Allah isy SGlyleGlyGly 
GCACACAAAGGAATTGGAGGAAATGAACAAGTAG 

ly Ala GUThrPheTyrWall ASpGly ArgG 
GAGCAGAAACTTTCTATGTAGATGGGGCAGCTAATAGGG 

8. TyrVa ThrASpArgGlyArgGlnySVaVa Se B25 ySLeuGlyLySA laGly f . 
AGACTAAATTAGGAAAAGCAGGATATGTTACTGACAGAGGAAGACAAAAAGTTGTCTCCA 

73 

Val AlaySG lulleVal AlaSerCySA SpySCysGln LeuysGlyGluA 
5868 CACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAAG 

POPOVal 

TyrleGUAlaGUWall AaVal HiSVal AaSe Glugly LySle leLeuVal rGly 
5988 AAGGAAAAATTATCCTGGTAGCAGTTCATGAGCCAGTGGATATATAGAAGCAGAAGTTA 

erAsnPheThrSerThrThrval LysAlaA SnGlyS 
ATGGCAGCAATTCACCAGTACTACGGTTAAGGCCG 

A 
A 

Ulysty Sile eGlyGlnVal ArgASpGnA 
AAAGAAAATTATAGGACAGGAAGAGATCAGG 

GlyVa 
228 GAG 

LyS 905 lag lullsleuys.ThrAlaVal GlnMetAlaVal Phellehi SASnPhelys Af EAEEEEEEEEEEE Eis 
eG 
AC 

ThrASp 
ACAGACA 

eleAla 
A 

GlyGlyleGlyGlyTyrSet AlaGlyGuArgleVal Asple 
348 EAESHSE&AEEE ATAGCA 

Thrly FERSFETXTKEEE 93 ACAAA GTTTATTACAGGG 
nLySGlneThrysl 

CTACAAAAGCAAATTACAAAAATTCAAAATTTTCG 
Leu6 
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SEASE: ESPEEEETEKSEXEEEEEEEEEEEEEEEEE 4468 ACAACAAAG ACCCCTTGGAAAGGACCAGCAAAGCTTCTCTGGAAAGGTGAAGGGGCAG 
alValleGln AspASnSerASpl leLySVal Val PrOArgArgySA lays Ile Ile 983 
TAGTAATACAAGA AATAGTGACAAAAAGTAGGCCAAGAAGAAAAGCAAAAATCATA 

Ar EPIKEKKEEEEEEEEEEEEEEEEEEEEEESP 4588 GGGATTATGGAAAACAGATGGCAGGTGATGATTGGGGCAAGTAGACAGGATGAGGATT 

M 
AGAA CATGGAAAAG TAGAAAACACCATATGTATATTCAAAGAAAGCTAAAGGATGG 

4708 TATAGACATCA CTATGAAAGTACTCATCCAAGAGTAAGTTCAGAAGTACACATCCCC 

CTAGGGGATGCTAAATTGGTAATAACAA CATATTGGGGTCGCATACAGGAGAAAGAGAA 

4.828 TGGCATTTGGGCCAGGGAGTCGCCATAGAATGGAGGAAAAAGAAATAAGCACACAAGA 
GACCCTGGCCTAGCAGACCAACTAATTCATCTGCATTATTTGATGTTTTTCAGAATCT 

4948 GCTATAAAAAATGCCATATTAGGATAT AGAGITAGTCCTAGGTGTGAATATCAAGCAGGA 
CATAACAAGGTAGGATCCTACAATACTTGGCACTAGCAGCATTAATAACACCAAAAAAG 

5068 ACAA AGCCACCTTTGCCTAGTGTTAAGAAACTGACAGAGGATAGATGGAACAAGCCCCAG 
AAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGGACACAGAGCTTAGAGGAGC 

588 TTAAGAGAGAAGCTGTTAGACATTTTCCTAGGCCATGGCTCCATAGCTTAGGACAATATA 

TCTATGAAACTTATGGGGATACTGGGCAGGAGTGGAAGCCAAATAAGAATTCTGCAAC 
5308 AACTGCGTTTATTCATTTCAGAATTGGGTGTCAACAAGCAGAATAGGCATTATTCAAC 

AGAGGAGA6CAAGAAGAAATGGAGCCAGTAGATCCTAATCTAGAGCCCTGGAAGCATCCA 

5428 GGAAGTCAGCCTAGGACTGCTTGAACAATTGCTATTGAAAAAGTGTTGCTTTCATTGC 
TACGCGTGTTTCACAAGAAAAGGCTAGGCATCTCCTATGGCAGGAAGAAGCGGAGACAG 

5548 CGACGAAGAGCTCCCAGGACAGTCAGACT CATCAAGCTTCTCTATCAAAGCAGTAAGTA 
GTAAATGTAATGCAACTTACAAATATTAGCAAAGTACATTAGTAGTAGTAGCAATA 

5668 ATAGCAATAGTTGTGTGGACCATAGTACTCATAGAATATAGGAAAATATTAAGACAAAGA 
MetLySVal 3 

AAATAGACAGATTAATTGATAGAATAAGAGAAAAAGCAGAAGACAGTGGCAATGAAAGTG 
ySGlyThargAfgASnTyGlnHis euTripArgTrpGlyThreueuleuglyMet 

5788 EEACEA, AG AHSEE y GGGGCACCTTGCTCCTTGGGATG 

ElliSigEEETXKEEE 
5908 TEiSikélie REReftistia:REGREAE EXPRESEs 

AEATEEEEEEEEEEEEEEEEEEEEEEEE 
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iSEEASETS A ASE GMet Wall Leu6ly ASn DLySAS lu 
6028 GTATTGGGAAATGTGACAGAAAATTAACATGTGGAAAAAAACATGGTAGAACAGATG 

pASDGlnSerLeuysProCySWalyseuThrPrO 25 InGluASD LeuTr 
AGGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGAAAATAACCCCA 

Ile eSer 

ThrASDLeu6ly ThrSTh ASSerSet AS 
GGGA ACTAATAC 

hLeLASnCyS ly ySAaThrASn 
CTTTAAATTGCACGATTGGGGAAGGCACAATACCAATAGTAGTAAT 

LeucySWal 
CTCTGGTTA 
UyS 

648 CTCTGT 
63 A nCySSerPheASneThrThrS pySGUGlulelySGlyGluley SAS ere 

GGAAAGAAGAAATAAAAGGAGAAATAAAAAACTGCTCTTCAATATCACCACAAGCATA 
Trp-ySGuG 
TGGAAAGAAG 

LeuPhegASnLeuASpVal V SkiEEEEEASE P alPOeASp 6258 AGAGATAAGATTCAGAAAGAAAAGCACTTTCGAA CCTTGATGTAGTACCAAAGA 
Ar 

ASEFESHIESEHFEEEASE ASEAEER: 203 AATGCTAGTACTACTACCAACTATACCAACTATAGGTTGATACATTGTAACAGATCAGTC 

nPheThrSnASn 28 gSer ASpAS 
ATCTGACAATTCACGAACAAT 

Leu ASGySerieu Al 
TTAAATGGCAGCTAGC 

y Argala Phelish GlyArg 323 V reGlyPFOG 
AACAATACAAGAAAAAG ACTATATAGGACCAGGGAGAGCATTTCATACAACAGGAAGA 
ASOASnh ArgySSerieTy 

: : ASneSer ArgAlaGlnTripASnASnThr &ESRRAE SAlais CyS 6748 ATAATAGGAGATATAAGAAAAGCACATTGAACATTAGTAGAGCACAATGGAATAACACT 
k LeuArgGUGlnPheyASn ASnySThreVal Phe 563 UGUGln leWall LySLyS 

AGAACAGATAGTTAAAAAATTAAGAGAACAGTTTGGGAATAATAAAACAATAGTCTT 
Le 

ASnGlnSerSerGlyGl 
6868 iAAEEEASE 

neSerCySSer 43 
AATTAGTGTTCA A 

SD EEEEEE 

FIG. 5F 

MetArgASpASnrpArgSerGueuTyry's 483 GUVal Phe Af 
GAGGTCTCAG 
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eGUProLeu6lylle AlaproThrily TyrySValleys SEXEAEAE 7228 TATAAAGTAATAAAAATTGAACCATTAGGAAAGCACCCACCAAGGCAAAGAGAAGAGTG 

CAATTA GyS IEEEEEEEEEEEEEEEEEEEEEEEAA GGAAGCA CAGGCCAG 
Ala AlaGySer 

7548 GCAGCAGGAAGCACTATGGGCGCAGGTCATTGACGCTGACGGTA 
« , , , 

GylleWai Gln(G nG in ASnASnteuleuArgAlale 
G GTGC AAC 

USer Y a Gln Gl g 
GTCTGGTATAGTGCAACAGCAGAACAATTTGCTGAGGGCTAT 

LeuleuGlnLeuThr 
768 CTGTGCAA CTCACA 

Le 

ThrThrAlaVal ProTripASnAlaSerTrpSerASny SSerLeuGuASpleTripASp 
7588 ACCACTGCTGGCCTTGGAAGCTAGTTGGAGTAATAAATCTCTGGAAGACATTTGGGAT 

ASnMeth 
AACATGACC 

Gin ASnGl nGlnGluySASnGluGlnGueue UGlueuSD 
CAGAACCAA CAAG 

luGUSerGin ASnGl nG nGl 
7708 TTACTTGAAGAATCGCAGAACCAACAAGAAAAGAATGAACAAGAATTATTAGAATGGAT 

S YEAE LeuSe fle GTTAAGAAAGTTTTGCTGTGCTTTCTATA 
erProLeuSerPheGlnihr ArgeuProVal PrO 723 

Ile Val PheaWa 

S : TCACCATTGTCATTCAGACCCGCCTCCCAGCCCG 

i ASAEEEEEE 6 
GlyPheleUAlaleulleTrpGlu EEEEEEEE 763 W 
GGAT TGGGAA C 

GlyGUArgASpArgASpArg 
GGA6 AGA 

SpGlyPhe rpGluS 
ATGGATCTTAGCACTTATCTGGGAAGATCTGCGGAGCCTG 

aArgh Wa g Leuleuleu le la Al lGUI e 8068 iii.EEEEEEEEEEE EEAF AAA 
eupheSerTyrArgArgeu ArgASp 

TyrTrple 803 Leu6 n 
CCTGCAGTATTGGATT 

g eulySASnSerAlaVal Ser ln Glul 
8188 CAGGAACTAAAGAATAGTGCTGTTAGC 

His 83 
C 

Gly AaTyrArgAlale.eu Slei 
GGG AAEEEEEEASE CTCCACATA CAT ARSAE ValleGUVal AlaG in Ar 

l UArgeuleuteLoC AEAEAEEEEEEEE 8308 AGAAGAATTAGACAGGGCTTGGAAAGGCTTTTGCTATAAGATGGGTGGCAAGTGGTCAAA 

FIG.5G 

ACGTAGTATGGGT6GATGGTCTGCTATAAGGGAAAGAATGAGACGAGCTGAGCCACGAGC 
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8428 TGAGCCAGCAGCAGATGGGGTGGGAGCAGTATCTCGAGACCTGGAAAAACATGGAGCAA 

CACAAGTAGCAATACAGCAGCACTAATGCTGATGGCCTGGCTAGAAGCACAAGAGGA 
8548 GGAAGAGGGGGTTTCCAGCAGACCTCAGGTACCTTTAAGACCAATGACTTACAAGGC 

US-o- 
AGCTTTAGATATAGCCACTTTTTAAAAGAAAAGGGGGGA CTGGAAGGGCTAATTGG 

8667 CCCAAAGAAGACAAGAGATCCTTGATCGGGATCTACCACACACAAGGCTACTTCCCTG 

ATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTGGATGGT60 
8787 TCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAATGAAGGAGAGAACAACA 

GCTTGTTACACCCTATGAGCCTGCATGGGATGGAGGACGCGGAGAAAGAAGTGTAGTGT 
8907 GGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCGAGAGCTGCATCCGGAGTACT R 

ACAAAGACTGCTGACACGAGCTTCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGA 
9027 GGCGTGGCCTGGGCGGGACTGGGGAGTGGCGTCCCCAGATGCTGCATATAAGCAGCTGC 

--U3 R-b- 
TTTTTGCCTGACTG GGTCTCCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGC 

-- R US-b- 
9146 TAACTAGGGAACCCACTGCTTAAGCCT CAATAAAGCTTGCCTTGAGTGCTTCA AGAGT 

GTGGCCCGTCTGTTGTGTGACTCGGTAACTAGAGATCCCTCAGACCCTTAGTCAGT 

--U5 
9265 GTGGAAAAATCTCTAGCAG 

FIG. 5H 
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R poly A Site ampa Nestop COdons 
E. pML SS sy-4 
ECOR 
Bgl II 

/ (Stu) 
21 early promoter 

Origin of replication 

digestion with A ture --- 2. KpnI and EcoRI. ------- ARW-2 DNA in cell 
DNA Recombinant Phage -7D 

digestion With 
ECORI and KpnI 

LIGATION 

poly A Site 
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Sall 

NNNNATCATN 3. AAT CT 6820g gag 25 

PSt Sph SCEI PSt 

KlenOW, dXTPS 
Cut SalI, gel isolate 

Be?ilaca Sal Berican Tator JEA TCTC forff NNNNiCAN 
ptac5 Cut with Sph I 
Pvul, Sali and isolated ptac5GAG25 plasmids 
get isolate 

BailHI 

A? Sall gag25 

pGAG25-10, Cut BamHI, 
HpaI Sph.I KlenOW dXTPs, Cut Sph.I 
- - ) 

gagl6 gag25 Ligate, 
Cut BaTHI 

taC Sph I gag41 

Af (BamHI, HpaI) 

FIG. 7 
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ptac 5 Promotor 

Mar. 2, 2010 U.S. Patent 

EAEEAEEEEEE GGCCATATCACCTAGAACTAAATGCATGG 

AlapheSerPOGUValleProMetPheSerAlae 18 Gluys 
GAA SEEEEEEE 

GlnASneu 
748 CAGAATCG 

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 868 CAGAAGGAGCCACCCCACAAGATTAAACACCATGCTAAACACAGTGGGGGGACATCAA 

AlalaMetGnMetL 
GCAGCCAGCAAATGT 

A 
A 

GlyGUIleTyrtly S ArgTrple leLeu6 yeuASnLySleVal Arg 
108 ATCCCAGTAGGAGAAATCTATAAAAGATGGATAATCCTGGGATAAAAAAAAGTAAGA 

Tyrty'S ArgT 
TAAAAAGAT 

lePOVal GyG 
AG 

s IEEE 3Ol pleArgG in GlyPOySG 
ATGTATAGCCCTACCAGCATTCTGGACATAAGACAAGGACCAAAGGAACCCTTTAGAGA 
Mety rSerPro ThrSerleeuAS 

Caer rgPhey rySThreu Ar TyrWall ASDA 
228 TATGTAGACCGGTTCTATAAAA CTCTAAG 

aThreugG) MetMetThrA 
TACACTAGAAGAAATGATGACAG 

A 
G 



U.S. Patent 

POMetPheSeAlaleu 8. 
C ATTA 

all LySVal Val GuglutySA lapheSerPrOGUWall lePro Al 
TAAAAGTAGTAGAAGAAAAGGCTTTCAGCCCAGAAGTAATACCCAGTTTCAGC 

Val LySVal Val GuglutySA lapheSerProGUV 
GTAAAAGTAGTAGAAGAAAAGGCTTTCAGCCCAGAAG G 

> < 

aTh 
CCACCCCACAAGATTTAAACACCATGCTAAACACAGTG 

Ala AlametG nMete 
GCAGCCATGCAAATGT 

K PrOGln AspleuASnThrNettle ASnThrWal G 
G 

SA 
CCAGTGCAGCAGGGCCT 

iSPOVal HiSA) aGyPrO 
CATG 

l 
A 988 

yShri leeuys 341 

EEEEEEEEEEE 261 Ile Gline 
ATAGCAGGAACTACTAGTACCCTTCAGGAACAAATAGGATGGATGACAAATAATCCACCT 

EEAA uAla 
AGCCATGAGCCAAGT 

leMetMetGln ArgGlyASnPhergASnGln ArgySThrVal AES ACARA 

pCySL 
CCTTGTTGGTCCAAAATGCAA ACCCAGATTGAAGACTATTTTAAAA 

tG Gln Af 
1468 ATAATGATGCAGAGAGGCAATTTTAGSAACCAAAGAAAGACTGTT 

reuteuVal Gln ASn Ala ASnPrOAS 

AlagyThrThrSerThrLeuG nGU 

CySGlyArgGUGlyHiSG nMetLySASpCySThrGluArgGln AlaASnPheleu6y 
Phepher G 1588 TGTGGAAGGGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAAFE 

OGPro 461 
Ala 25 
GCCA AE S.E. G LGl Thr 

AGAGCAGACC 
ThrlaproProGluGuSerPhergphegyGluguys ThrThrProSerGlnLys 

yySGlyArgPrOGyASnPheleu6 
G PheSerSe P EEEEEEEEEEE AAGATCTGGCCTTCCTACAAGGGAAGGCCAGSGAATTTCTC 

ySI leTrpproSerT 
Leula UAS 

uA GlyGlu Sn SnSerleuSer6) 1708 EEEEEEEEEEEEEEEEEEEEEEE SEER ASn 

ereuphely ASn 50 
pG in 65 

CACTCTTGGCAAC 
eTheUT 

FIG. 9A 

SerPheSPheproG yTV 
AGACAAGGAACTGTATCCTTTAACTTCCCTC 

pySGluteuTyrProLeu ThrSerLeu leAs 

PAEAE 
GrGlup OI 
laGlyAlaaS 
CAGGAGCCGA 
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ProleuVa SEESS; 1828 EEE 

UGUMetASLeuPrO I SMetle 103 aASDAS phrWall Leu6 GlyLySTrpLySPOy 
CAGATGATACAGTATTAGAAGAAATGAATTTGCCAGGAAAATGGAAACCAAAAATGATAG 

ly CySThreuASnphepr In leG 88.8iSEE euhr6 eul 
TGT 

ASn 
2068 ATC 

GnTrpproLeuhrGlu185 
CAATGGCCATTGACAGAAG 

luVal GneuG 
AAGT CAG TAG 

Leu ASpV 
2428 TGGATG 

A iSAEEEEEEEEEKE, 303 I leproSerie ASA 
CATT TACCATACCTAGTATAAACAATGAGACACCAGGGATAGATATCAGTACAATGGC 
LeuPrOG 

S 
A 

la PheThr 

ESEiEEE Leu6 nGlyTrply SGySerPro Sle 
2548 TGCCACAGGGATGGAAAGGATCACCAGCAATATTCCAAAGTAGCATGACA if: 

TyrolnTyrMet ASDASDLeuyr 545 alle 
TTATCTATCAATACAGGATGATTTGTATG ) << EEAE AGCCTTTTAG 

2668 

A 

nTripAlaSer 23 
TTGGGCAAGTC 

S s iCESAEA 
L 

A in ArgGlu 46 

UPrOPTOPhee 383 nySG 
GAAAGAACCTCCATTCCTT 

SLeuS 
ATTGAA 

y 
AA 

FIG. 9B 

T 

SerTipThrVal AS ySASp 
AAGACAGCTGGACGTCAA 

euThr61 UVa I leProLeuThr 
TAACAGAAGTAATACCACTAACA 

euleUA r 
TGTTGAG 
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SiSEER EASATT rAspproSerly SASpLeuVal Aagu 5028 TCAAAAGAACCAGTACATGAAGTATATATGACCCATCAAAAGACTTAGAGCAGAAA 
leGlnySG nGlyGnGlyGlnTripThrTyrGinleTyrGnGLPOPheySAS.505 
TACAGAAGCAGGGGCAAGGCCAATGGACATATCAAATTTATCAAGAGCCATTTAAAAATC 

EEEEEETFEAEEE EYEARESS SGne 3148 TGAAAACAGGAAAGTATGCAAGGATGAGGGGTGCCCACACTAATGATGTAAAACAGT 
U 

FIG. 9C 
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ARW GAG p 6 - Synthetic Parts A and B 
5. arV 254 3. 

MetGln ArgGlyASn PheArgASnGln Argy's ThrWall LySCySPheASnCySGlyyS 
TATATGCAAAGAGGAACTTCAGGAATCAAAGAAAGACCGTTAAGTGTTTCAACGTGGTAAG 
TATACGTTTgrge SAGTCg 5 TTCTTCTGGCAATTCACAAAGTTGACACCATC 

0 Tin, 25 hl.nf, 

Guglyi SelaySASnCySAfgAlaproAf Relief EAERS 
63 GAAGGTCACATCGCAAGAACTGTAGAGCTCCAAGAAAGAAGGCTTGTTGGAGATGTGG 

CTTCCAGTGTAGCSATTCTTGACATICGAGGTTCTTTCTTCCGAACAACCTCTACACCA 
76 ddel, 88 ban2 hgi A hgill SaCl Sciul, 89 alul, 
ArgGlucy HiSG1 nMetLySASDCySThr61 UArgGln AlaaSnPheleu6ly Lysle 

125 AGAGAAGGT CACCAAATGAAGGACTGTACCGAAAGACAAGCTAACTTCTTGGGTAAG ATC 
TCTCTTgCAGTGGTTTACTTCCTGAATGGCTTTCTGTICGATTGAAGAACCCATICTAG 

stE2, 131 hph, 148 Sal, 16 alul, 178 bgll Xho2, 179 

TEEEEE KEXEEE POGly ASnPheLeu6 nSer ArgOGPOThAla 
85 TGGCCATCTTACAAGGGAGACCAGGAACTTCTGCAATCCAGACCAGAACCAACCGC 

ACGGTAGAATGTTCCgATCTGGTCCATTGAAGAACGTTAGGTCTGGTCTTGGTTGGCGA 
185 ball Cfrl hael, 184 hael 1, 199 accl., 204 apy eCOrll SC 
rFl, 

POPOGUGUSerPhe ArgheGly6 UGULySThrthrprOSerGnySG nGL 
243 CCACCGAAGAAAGTTTCAGGTTCGGGAAGAAAAGACCACCCCATCCAAAAGCAAGAA 

GGTGGATTCTTTCAAAGTCCAAGgCATTCTTTTCTGGTGGGGTAGAGTTTTCGTTCTT 
249 inboll, 267 hph, 270 mbol, 
POeASpySGlueuTyrProLeu ThrSerLeuArgSerLeuPheGlyASn Asppro 

503 CCAATCGACAAGGAATTGACCCATTGACCCTTGAGATCCGTCGGAACGATCCC GGTTAGCTGTTCCTTAAgATGGGTAACTSGAGAAACITAGGAACAAGCCATTGTAGGS 
507 taql, 320 rSai, 33 Mnll, 539 Xho2, 340 Sausa, 357 Sat3a, 
36 Mill, 362 aval Xhol, 

SerSerGnOP AM 
563 TCGAGCCAATGATAG 

AGgTCGGTTACTATCASCT 
565 taql, 377 acCI hind Sall 

FIG. 10 
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AGTCT 

yVal PrOVal 5 

MetSer 

Argle ASDCyS Glu alTyrTyrGl 
AGAATCGAT GTAGTGCTACAGAAAAATTGTGGGTCACAGTTTATTATGGAGTACCTGTG 

ySLeurpVal ThrW 
PYK PrOOter 

Ser Allah 

Ala ArgAlay ASphr6 
GC G 

TrpLySGluA eCySA laSerASp : rGU 
5908 TGGAAAGAAGCAACTACCACTCTATTTTGTGCACAGAGCTAGAGCAATGATACAGAG 

aThrThrThreuPh 

TCAGC 

yProCySThr 251 

CySASn ArgSerVa 211 

Sn Gly ySGl 
ACGTTCAATGGAAAAGGACCATGACA 

HiSCy 
ACATTGAACAG 

ASSESSEE 

e 

pLyS 
iii AAACATGGTAGAACAGATG SnMet 

Ull 
GA 

ThreA 

F.G. 11A 

SnTy Thr ASnTyr Arge AACEHAEEE a SerthrhrThrA 

Val HSASnVal Trpala Thrhi SA la CySVal ProThrAspproASnProGlnGuVal 91 

CT 

GTACATAATGTTTGGGCCACA CATGCCTGTGTACCCACAGACCCCAACCCACAAGAAGTA 

ASA 
AATG 
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ThriSGylleAfgProleWalSerT 
ACACATG 

al GCySThriSGl G neue 
6508 AAGTCAGCACAGTACAATGACACATGGAATTAGGCCAATAGTGTCAACTCAACTGCTG SigEEE 

ASn 29 
A 

ASAS 
GAACAAT 

A GUSerWa Ala Ile ASnCySTh ArgP? A 

WaleArgSerASpASPheTh 

lGlneuS OAS 
ACAGCTGAATGAACTGTAGCAATAACTGTACAAGACCCAAC 

all Val AE858 ~] © 

g ly Ar 
GAGCATTCATACAACAGGAAGA 

iSCySASn I leSerArgAlaGln TripASnASn Thr 

yArgAlaphehi SThrhr6ly Arg 351 
GA GGAA 

SAtahi S 
AGCACATTGTAACATTAGTAGAGCACAAGGAAAACAC 

Val Phe 37 
G 

ArgGuGlnPheGlyASnASnyST 
AGAG A 

ln leWall i ySLeuArgGlu SThreVa 
AGATAGTAAAAAATTAAGAGAACAGTTTGGGAATAATAAAACAATAGCTTT 

ASnGlnSerS 

Wally SL 
GTAAAA 

eVal MetHSSerPheSn erGlyGyASDFroGU 
6868 AATCAATCCCAGGAGGGGACCCAGAAATTGTAAGCACAGTTTTAAT 

4. E SEESAfESSETEEAS ASRES AAACAACACAACTGTTTAATAATACATGGAGGTTAAACACACTGAA 
yr Cy 
ACTG 

Phephe 
TTTTTCT 
GlyTh E.A. e ASMet A G 

A C C 
yThrLySG y ASnASpThrile leLeuPrOCySAfgleLysGln le. 

6988 GG fiSEAFEiEEE Si Eiki AAATTATAAACATG 
erCy SSer 45 N SA laMetTyrlaproPro leGlyGlyGln leS 

AGCAATGAGCCCCCCCATTGGAGGACAAATTAGTGTCA 
ThASWalThrSASphr 
ACAAATGTAACTAATGACACC 

yeuleuleuThrirgASpGlyGl iSEEAESSEY SeASne 
7108 TCAAATATT 

ly PS ASpMetAr 

SeGuPrOASnSerWaSeft PYK Terminator TyrySYalley Sl 
7228 TATAAA GTAATAAAAATTGAACCAAATTCGGTATTGA 

FIG 11B 
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Nucleotide FEEEEEEEEEEEEEEEEEEiEASE positions AGGXAACAG::::ATGAT; GA: AAGGCACAAGAAGAACATGAGAAATATCACAGTAATTGG 
relative to TCCXTTGTC:::: TACTA: CT: TTCCGTGTTTTCTTGTACTCTTTATAGTGTCATTAACC 
Figure 5, 52 mbol, 38 nal 11, 

ArgAlaMetAlaser Aspphe ASneuProProWa Val AlaySG UlleWa Alaser 
3820 62 AGAGCCATGGCTAGTGATTTTAACCTGCCACCTGTAGTAGCAAAAGAAATAGTAGCCAGC 

TCTCGGTACCGATCACTAAAATTGGACGGTGGACATCATCGTTTTCTTTATCATCGGICG 
66 incol, 67 mall, ll:8 nspBll pvull, ll 9 al Ul 
CySASpy SCysG neully S6 lyGluAlaMethi SGlyGlnVal ASDCySSerPCOGly 

3880 22 TGTGATAAA GTCAGCTAAAAGGAGAAGCCAGCATGGACAAGTAGACTGTAGTCCAGGA ACACTATTTACAGICGATTTTCCTCTCGSACSTACCTGTTgATCTGACATCASGTCCT 
135 alul, 15 rall, 152 nSil avaš, 155 nal 1, 6 acCl, l 
76 apyl bstx I eColl SCF, 
IleTrgGlneuASDCyshrHSLeuGluGlyLySI eleeuVal AlaValhi SWal 

3940 182 ATA66CAACTAGATTGACACATCTAGAAGAAAAATTATCCTGGTASCAGTTCATGA TATACCGTTGATCTAAgATGTGTAGATCTTCCTTTTTAATAgGACCATCGTCAAGTACAT 
198 rSal, 205 Xball, 223 apyl eCOrl SCF, 256 in la lll, 
AlaSerGyTyrleGUAaGuVal. I leproAlag luThr6)yGGluThila Ty? 

4000 242 GCCAGTGGATATATAGAAGCAGAAGTTATTCCAGCAGAGACAGGGCAGGAAACAGCATAT 
CGGTCACCTATATATCTTCGTTTCAATAAGGTCGTCTCTGTCCCGTCCTTTGTCGTATA 
253 Xinli, 

Pheleuleully SLeukiaGlyArgTrpFroWally SThrehisthr ASDASnGlySer 
4060 302 EEEEEEEEEEEEEKiKi ESSEE AAAGAGAATTTTAATCGTCCTTCTAgcGGTCATTTTTGTTATGTATGTCTGTTAcgGTCG 

52 fabCl, 326 ball Cfrl hael, 327 hael, 357 bby finuhl, 
ASPheThSe?h?hrWaySAla AlaySTrpTDAlaGyle LySG GUPhe 

4120 562 AATTCACCAGTACACGGTTAAGGCCGCCTGTTGGTGGGCAGGGATCAAGCAGGAATTT TTAAAGTGGICATGATGCCAATTggGGCGGACAACCACCCGTCggTAGTTCGTCCTTAAA 
566 hph, 57l Sca, 372 rsal, 585 haell, 386 finuthl nsbll, 4 
05 bi , 406 do? Sau5a, 

G REEEEEEEEEEEEEEEEEEEASE { 480 422 GGCATTCCCTACAATCCCCAAAGTCAAGGAGTAGTAGAATCTATGAATAATGAATAAAG CCGTAAGGGATGTTAGGGGTTTCAGTTCCTCATCATgTTAGATACTTATTACTTAATTTC 
423 bST1, 458 hinf1, 
ySelleGlyGlnVal ArgASpGlnAlaGluhi Seully SThrAlaVal GlnMetAla 

4240 482 AAAATTATAGGACAGGAAGAGATCAGGCTGAACACCTAAGACAGCAGAAAATGGA TTTTAATATCCTGTCCATTCTgTAGTCCGACTTGTGSAATTCTGTCGTgATGTTTACCGT 
505 dpnl Sau5a, 518 afl ll, 530 rsal, 
WalPhelehi SASnPhelysArglysGlyGlyleGlyGlyTyrSerAaGlyGuAr 

4300 542 EAEASE:33:38 
CATAAGTAGGTGTTAAAATTTTCTTTTCCCCCCTAACCCCCTATGTCACGTCCCCTTTCT 
547 folk, 557 ahall, 

FIG. 12A 
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I leVal Aspi eleAaThrASpl leGlnThrysGluleuGlnysGlneThrys 
(360 602 ATAGTAGACATAAAGCAA CAGACATACAAACTAAAGAACTACAAAAGCAAATTACAAAA 

TATATCTGTATTATCGTTGTCTGTATGTTTGATTTCTTGAT TTTTCGTTTAATGTTTT 
605 a CCl, 

eGnASn PheArgWalTyrtyr ArgASpASny SAS pp.OLeuTrply SGyPrOAla 
20 662 ESSESSESSEE TAAGTTTTAAAAGCCCAAATAATGTCCCTGTTGTTITAGGGGAAACCTTT 

697 xhO2, 698 dpnl sau5a, 713 a Sul ava2, 
LySLeuleuTrply SGlyG LGy AaVal ValleGASDASSe 

4.480 722 AAGCTTCTCGGAAAGGTGAAGGGGCAGTAGAATACAAGATAATAG 
IICGAAGAGACCTTTCACTTCCCCGTCATCATTATGTTCTATTATC 
722 hindll, 723 aul, 757 hph, 

EEEEE ySA laySIle leArgASpTyrGlyly SGInMetAlaGlyASpA 
St.0 782 GTGCCAAGAAGAAAAGCAAAAATCATTAGGGATTATGGAAAACAGATGGCAGGTGATG 

CACGGTTTTCTTTTCGTTTTTAGTAATCCCTAATACCTTTTGTCTACCGTCACTAC 
789 mbol, 833 hph, 

CySVal Alaser Afggln ASpu 
4600 842 GTGTGGCAAGTAGACAGGATGAGGATTAGTCGACGGAATTCTTAGAAAACACC 

C CACCGTTCATCTGTCGTACCCTAATCAGCTGCCITAAGAAATCATTTTGTGG 
aCCl 
8 eC 

A 

85 59 fok, 865 fin, 871 acci hind Sall, 872 tal 
O?, 

i i T A 

ASDAM 
G 

C s 7 

FIG. 12B 



US RE41,158 E Sheet 37 Of 59 

OUX 

Mar. 2, 2010 U.S. Patent 

£ - AUÐ 

×××××××××××× 9 - AU3 

* - - - - 

WIÑEICHE CINË ?SVEIK NI NOISSEÏXE AU3 
† - AU3 SNOIS, §HIONCH 

DZ?GS NIVNOG TINIWAEL-N 
I - AUÐ 

Z - AU8 

… • 

„ -- ? -+ *** 

---- *** 

  



U.S. Patent Mar. 2, 2010 Sheet 38 of 59 US RE41,158 E 

BStEII '769 
HpaI974 

EglII 1271 

Pvul 11236 

SmaI 2242 

BglII 2570 

BStEII 3099 

Sall 8152 fy 

BamHI '7876 & 4. s: . 
BglII 7478*& Ball I 4268 

SnaBI 4323 

BglII 5545 

FG, 14 

  

  

  





U.S. Patent Mar. 2, 2010 Sheet 40 of 59 US RE41,158 E 

25 100 400 1600 6400 256OO 

DLUTION 

FIG. 16A 

  



U.S. Patent Mar. 2, 2010 Sheet 41 of 59 US RE41,158 E 

25 100 400 
I/OLUTION 

FIG. 16B 

  



US RE41,158 E Sheet 42 of 59 Mar. 2, 2010 U.S. Patent 

ONWSOSEW 

  



US RE41,158 E Sheet 43 of 59 Mar. 2, 2010 U.S. Patent 

S10WIN00 

ONWOSSW 

  



U.S. Patent Mar. 2, 2010 Sheet 44 of 59 US RE41,158 E 

1OOOOO CONTACTS ARC AIDS 

50,000 

20,000 

1OOOO 

5,000 

2000 

1,000 

50C 

O 
O 
O 
O 

8 
- B - 
O 

3. 
g 

8 
O 

O 

8 

enV-2 enV-5 enV-2 enV-5 enV-2 enV-5 

FIG. 19 

  



US RE41,158 E Sheet 45 of 59 Mar. 2, 2010 U.S. Patent 

  

  

  

  

  

  



U.S. Patent Mar. 2, 2010 Sheet 46 of 59 

COI 

BaMHI 

Sph. SCIFI 

CCTATA GTG CAG AT Asynthetic AAR-2 N.E. GGG CAT AA GCA ASA G. GGA TATCACGC TA CCC GTA ITT CGT TCT CA 
Synthetic p25 gag (706 bp) synthetic 
Oligonucleotides Oligonucleotides 
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ACH-GAP GAP 

9IOmote terminatCI 

BaAEI 0. Sel 
with NCOI and Sal 4ZZZZZE 
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AI 

• Ball •gel purificatic?, 
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Wlth Bar 
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Thr ASn ASn Pro Pr 
ACA AAT AAT CCA CC 

120 

CCC TT AG 

160 
Glu PrO Phe Arg AS 
GAA 

LyS 
AAG 

LyS Thr Leu Arg Ala Glu Gln Ala Ser 
AAA ACT CTA AGA GCC GAA CAA GCT TCA 

Aa r Le 
GCT ACA CT 

210 

232 
Wall Leu OP 
GTT TTG TGA TAG 

HS ki Ala g CAT AAA GCA AE 
TranSlated Mol. 

PrO Gl 
CCC GG 

= 25.700, 75 Weight 

FIG.22B 
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K X H NR T ARV-2 
463 pol Crfl. 6O11 

Mutagenesis 

a a Orfil 6O11 
1. digestion G) gel purified 

pol 
ligation 

ADH-CAP R R, N linker 
promote S0) L 0-factor 5AATTCAGGGTTGGACC 

- terminator GTCCACAACCTCGGTAC 
B- p$14,392 cut T-3 

With ECORI 
and Sall AH-GAP amp promoter SOD p3! Yo-factor 

* B digestion 
• gel 5urified 

ADH-GAP C-factor 
promoter SCD ' p31 terminator 

B B 
? ligation 
:pC1/C) with 

BH 

pC 171-SP31-ADH-CAP 
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Cy S Wa 
1983 TGT 

aVal His Val AlaSe 
EEEEEEEE 

A G 
6 TGG 
CGTCAAGACATCGGTCACCTATAT 
G ULe 

TA 
A. 
nGuThrAlayrpheleueully Seu 

Ag AAACAGCATATTTTCTCTAAAATTA 

h 
C 

A i TF 
AT A C A 

i 2043 : TCCTTTGTCGTAAAAAGAGAATTTTAAT 
ASpASnGySerASPheh Set 

SAT AGACAATGGCAGCAATTTCACCAGTACT 
CTTCTACCGGTCATTTTTGT GTCGTTACCGTCGTAAAGTGGTCATGA 
YaySAAaAllacySpAlagyley SSGPheglyleIQTY AS 
GTTAAGGCCGCCTGTGGTGGGCAGGGATCAAGCAGGAATTTGGCATTCCCTACAAT 
CAATTCCGGCGGACAACCACCCGTCCCAGTTCGCCTTAAACCGTAAGGGATGTTA 

le 
TT 

C 

Ser61 GlyWa USerMetASnASnGlueuySt. 
AAAGTCA ATCTAGAATAATGAATAAAGA 

G 

C 

W T r g | E. 2103 
G 

G 
C 

G 
C 
G 

T 
A 
T 

2163 

ySI 
2223 AAA 

TTT 

V P 
2283 GTAAGAGATCA 

CATTCTCTAGIC 
G 

PheySArgySGlyG 
2343 iii.338 

AAATTTTCTTTTCCCCCC 

r 
G 
C 

O 
C 
G 

i ASp0 MetAlaVa 

C 
G 

G 
C A A AT 
GTTTCAGTT TTAGATACTTATACTTAATTCTTTTAAT 
Ar Hi Se a Gr he 
A G C TACAA TCA 

G 
G 
C 

A i 
G A 
C T 

l 

G 
A C 
TCA A G 

2 e A. 
T C A 
ACT TGTTACCGTCATAAGT T 

l 
G 
C C 

C CAAA 
G GTTT 

l GyGArgeVal A 
SGGS 
C 

A 

C 
G 

l eGlyGl 
A A t A 
T ATCCTGT 

L e SAS 
AA TGGCAGTAT CCACAA 
T AGGTGTT 

l Spell i8 
GTA 

G 
G G 
C C 

H 
C 
G A 

I e 
A A 
T 

P 
T 

G 

I 
A AAAGAATAGTAG AT 
T CTTTCTTATCATCT T 

Ala Thr ASpeGnThr uleUGn ehrysleGnASnPhe 
24.05 GCAACAGACATACAAACTAAAGAACTACAAAAG TACAAAAATTCAAAAT 

y 
GG 
CC 

CGTTGTCTGTATGTTTGATTTCTTGATGTTTTCGTTTAATGTTTTTAAGTTTAAAA 

G 
C 

T 
A 

CCCTAG 
EKK 

AACC 

ySG 

8 
A 
T 

n A 
A C 

G 

WalTyrTyrArgASpASnLySASpproLeuTrply PrOA laySLeuleuT 

h 
T 
A 

Gly r 
2465 GTA TACAGGGACAACAAAGATCCCCTGGAAAGGACCAGCAAAGCTCTCG 

CAAATAATGTCCCTGTTGTTTCAGGGGAAACCTTTCCTGGTCGTTTCGAAGAGAC 
le r 

ATA 6 iAEEE AAAGTAGTGCCAAG 
TTTTCATCACGGTTCTTCT 

LySG nMetA i ASDCySVal AlaSe 
C 

T 

S O 
A G 
T C 

GlyGluGlyAlaVal ValleGln AspASnSerAS 
2523 GGGAAGGGGCAGAGTAAACAAGA E. 

3 r 
A 

A 

CCACTTC CATCATATGTTCTATATCACT 
SpTyGly 
ATTATGGA 

CCT 

A 

T 
G 
C 

y 
A 
T 

y 
A 
T 

r 
G 

TAATA C 

C 
LyS 
AAA 
TTT 

LyS 
AAA 
TTT 

AE 
TCT 

A G laS 
6 AAACAGATGGCAGGTGATGATTGTGTGGCAAGT 
C TTTGTCTACCGTCCACIACTAACACACCGTTC 

Gln AS 
263 CAGGATG TAG 

GTCCTACTCCAATC 

C 

e 
C 
G 

G 
C 

FIG. 24B 
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Sequence Of SOD1 enV-4 

FEEEEKSS; 62 TTCGAGCAGAAGGA 
AAGCCGTCTTCCT 

e 
G 
C 

AlaGyCyShr 
AGCAGGCTGTACC 
TCGTCCGACATGG 

ASn Th 
AATAC 

yAS { 
TCTATATG 

l eG 
TGG 
ACC 

h 
T 
A 

P 
T 
A 

HiSGlu 
CATGAG 
AGTACC 

TCCATGT 

AGGTCCTCACTTTAAT 
TCCAGGAGTGAAATTA 

HSVal Gly 

aGlyProHiSPhe Sn 

242 CATGTTGGA 

Al 
82 GC 

CG 

Y2Y GTGGCCGATGTGTCTATT 
TTTCTACCACACCGGCTACACAGATAA 

LySASDGl 
AAAGATGG 

ASpeuGlyASnVal Thr Ala ASD 
GACTGGGCAATGTGACTGCTGAC 
CTGAACCCGTTACACTGACGACTG GTACAACCT 

LeuSer 
ACTCTCA 
GAGAGT 

all leSe 
TGATCTC 
ACT AGAG 

EESR TCTG 
CTTCTAAGAC 

302 GAAGA 

UGUSerT 
AGAAAGTA 
TCTTCAT 

nG 
TGA 
ACT 

inLeuASn 
AGCTGAAT 

TGTCGACTTA 

REEEEEEASEAEKis: CAAGACCCAACAACAATACAAGAAAAAGTATCT 

C 
G 

TGTTCTGGGTTGTGTTATGTTCTTTTTCATAGATA 

al 
A 

A 

LySThreeV 
AAAACCATAATAG 
TTTTGGTATTATC 

ASp 
l82 GAC 

CTG 

r 
T 

SnCySTh Ar 
ACTGTA 
TGACA 

A 
542 A 

T 

FIG. 26A 
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Phelish TheyArg Ile leGly AspleArgySA lahjSCySASnleSerArg 
602 TTTCATACAACAGGAAGAATAATAGGAGATAAAGAAAAGCACATTGTAACAAGTAGA 

AAAGTATGTTGTCCTTCTTATTATCCTCTAATTCTTTTCGTGAACATTGTAATCATCT 
AlaGln TripASnASnThreu6 uGlneVal LySLySLeurgGUG nPheGlyASn 

662 GCACAAT66AAAACACTTAGA ACAGATAGTAAAAAATAAGAGAACAGTTTGGGAAT 
CGTGTTACCTATTGTGAAATCTGTCTATCAATTTTTAATTCTCTTGTCAAACCCTTA 

ASnySThreVal PheSnGnSerSerGlyGyASprOGueWalMeth SSer 
722 AATAAAACAATAGTCTTTAACAATCCTCAGGAGGGGACCCAGAAATTGTAATGCACAGT 

TTATTTTGTTATCAGAAATTAGTAGGAGTCCCCCCTGGGTCTTTAACATACGTGTCA 
Phe SnCySAfgGlyGluphepheTyrCySASnThrin rgl neuphea SnASnThrrp 

782 TTTAATGTAGAGGGGAATTTTTCACGTAATACAACACAACTGTTTAATAATACATGG 
AAATTAACATCTCCCCTTAAAAAGATGACATTATGTGTGTTGACAAATATTATGACC 
Argeu ASnHiSThr6 UGlyThrySGlyASnASpThrle leLeuproCySAfgle 

842 AGGTTAAATCACAC GAAGGAACTAAAGGAAATGACACAATCATACTCCCATGTAGAATA 
TCCAATTTAGGTGACTTCCTTGATTCCTTACTGGTTAGTATGAGGGTACATCTAT 
ySG neeASnMetTrpGlnGUVal GyLySA ametTyra aproPro Ile6ly 

902 AAACAAATTATAAACATGTGGCAGGAAGTAGGAAAAGCAATGTATGCCCCTCCCATTGGA 
TTTGTTTAATATTGTACACCGTCCTTCATCCTTCGTTACATACGGGGAGGGTAACCT 
GlyGln leSerCySSerSerASI leThr6lyLeuleuleu ThrArgASpGyGlyThr 

962 GGACAAATTAGTTGTTCATCAAATATTACAGGGCTGCTATAACAAGAGATGGTGGTACA 
CCTGTTAATCAACAAGTAGTTTATAATGTCCCGACGATAATTGTTCCTACCACCATGT 
ASnVa ThrSn ASpThrGUVal Pher gprOGlyGyGlyASpMetArgASpASnTrp 

1022 AATGAACTAATGACACCGAGGTCTCAGACCTGGAGGAGGAGATATGAGGGACAATTGG 
TTACATTGATTACTGTGGCTCCAGAAGTCTGGACCTCCTCCTCTATACTCCCTGTAACC 

AEEEK iT3Fiji EEEEEEEEEEEEEE 1082 AGAAGGAATTATAAAATAAAAGAAAAAAATTGAACCATTAGGAATAGCACCCACC 
TCTTCACTTAATATATTTATATTTCATTATTTTTAACTTGGTAATCCTATCGGGGGG 
ySA laySArgArgVal Val GlnArgGluysArgOP OP 

142 66EASAEEEEEEEEEEEAACTTG 
TTCCGTTTCTCTTCTCACCACGTCTCTCTTTTTCTACTACTTCGAACAGCT 

FIG. 26B 
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NUCLEOTIDE SEQUENCES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional, of application Ser. No. 
08/089,407, filed Jul. 8, 1993 now U.S. Pat. No. 7,273,695, 
which is a continuation of application Ser. No. 07/931,154, 
filed Aug. 17, 1992 now abandoned, which is a continuation 
of application Ser. No. 07/138,894, filed Dec. 24, 1987, now 
U.S. Pat. No. 5,156,949. 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 06/773,447, filed 6 Sep. 1985, which is 
a continuation-in-part of U.S. patent application Ser. No. 
06/696,534, filed 30 Jan. 1985, now abandoned, which is a 
continuation-in-part of U.S. patent application Ser. No. 
06/667,501, filed 31 Oct. 1984, now abandoned. The disclo 
Sures of the above application are incorporated herein by 
reference. 

TECHNICAL FIELD 

The present invention is directed to nucleotide sequences, 
Such as DNA, encoding human immunodeficiency virus 
polypeptides, the use of Such nucleotide sequences in diag 
nostic procedures and in the production of recombinant 
protein, as well as the use of such proteins in diagnostic, 
prophylactic, and therapeutic applications. 

BACKGROUND OF THE INVENTION 

Acquired immune deficiency syndrome (AIDS) is now 
recognized as one of the greatest health threats facing mod 
ern medicine. There is, as yet, no cure for this almost invari 
ably fatal disease. This state of affairs has made the preven 
tion of the disease an extremely high priority in the medical 
community. An individual who is infected with human 
immunodeficiency virus (HIV), the etiologic agent of AIDS, 
can transmit the disease, and yet remain asymptomatic for 
many years. The ability to accurately screen large numbers 
of asymptomatic individuals (e.g., healthy appearing blood 
donors) for HIV infection is of great importance. 
Furthermore, the development of a vaccine would be par 
ticularly desirable, since it would afford some protection 
against transmission of AIDS by individuals who either are 
not detected by a diagnostic test, or evade such a test. 

In 1983-1984, three groups independently identified the 
Suspected etiological agent of AIDS. See, e.g., Barre 
Sinoussi et al. (1983) Science 220:868-871; Montagnier et 
al., in Human T-Cell Leukemia Viruses (Gallo, Essex & 
Gross, eds., 1984); Vilmer et al. (1984) The Lancet 1:753; 
Popovic et al. (1984) Science 224:497-500; Levy et al. 
(1984) Science 225: 840-842. These isolates were variously 
called lymphadenopathy-associated virus (LAV), human 
T-cell lymphotropic virus type III (HTLV-III), or AIDS 
associated retrovirus (ARV). All of these isolates are strains 
of the same virus, and were later collectively named human 
immunodeficiency virus (HIV). With the isolation of a 
related AIDS-causing virus, the strains originally called HIV 
are now termed HIV-1 and the related virus is called HIV-2. 
See, e.g., Guyader et al. (1987) Nature 326:662-669; Brun 
Vezinet et al. (1986) Science 233:343-346; Clavel et al. 
(1986) Nature 324:691-695. 
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Initially, HIV was propagated in culture in human 

mitogen-activated T cells. This method, however, could not 
produce the large quantities of virus required for serology 
assays on the scale required to protect public health and 
safety. It was not until immortalized cell lines capable of 
becoming chronically infected in vitro were discovered that 
HIV could be produced in any substantial quantities. See, 
e.g., Montagnier et al. (1984) Science 225:63-66; Levy et al., 
Supra; Popovic et al., Supra. The ability to grow the virus in 
culture led to the development of immunoassays for the 
detection of anti-HIV antibodies in the blood of patients 
Suspected of having been infected, as well as for Screening 
blood donors. See, e.g., Schupbach et al. (1984) Science 
224:503-505; Sarngadharan et al. (1984) Science 224:506 
508; Feorino et al. (1984) Science 225:69-72; Kalyanaraman 
et al. (1984) Science 225: 321-323; Culliton et al. (1984) 
Science 226:1128-1131; Groopman et al. (1984) Science 
226:447-449; Ho et al. (1984) Science 226:451–453: U.S. 
Pat. No. 4,520,113. 
Due to the great hazard of cultivating HIV in vitro, the 

number of facilities and individuals capable of working with 
the virus is necessarily limited. Furthermore, while tissue 
culture may provide viral polypeptides suitable for use in 
diagnostic assays, it is highly undesirable to employ 
polypeptides produced by tissue culture in vaccine composi 
tions due to the risk of infectivity posed by live, intact virus. 

While production of viral polypeptides by recombinant 
means could be considered to be a solution to the problems 
described above, the production of recombinant proteins was 
not possible prior to the present invention. For example, HIV 
nucleotide sequences were not available and sequenced so as 
to enable the production of recombinant proteins. Even more 
importantly, it was unknown whether recombinantly pro 
duced viral protein would be sufficiently similar in antigenic 
properties to native HIV polypeptides so as to be generally 
useful in diagnostic assays or vaccine production. In 
addition, homology between the genome of HIV and human 
T-cell leukemia virus type I and type II (HTLV-I and -II) had 
been reported. See, e.g., Arya et al. (1984) Science 225:927 
930. Thus, it was unclear that sufficiently unique epitopes of 
HIV could be produced by recombinant means to distinguish 
HIV from HTLV-I or HTLV-II. Furthermore, it was unclear 
prior to the present invention whether the various HIV iso 
lates possessed sufficiently related epitopes so that a recom 
binant polypeptide based on one isolate could be useful in a 
general diagnostic assay or vaccine composition. 

Prior to the present invention, therefore, recombinant HIV 
polypeptides could not be produced and it was not clear that 
Such polypeptides would be generally useful in diagnostic, 
prophylactic, or therapeutic methods or products. 

SUMMARY OF THE INVENTION 

Nucleotide sequences and expression of nucleotide 
sequences are provided for detecting the presence of 
complementary sequences associated with a retroviral etio 
logic agent (HIV, e.g., HIV-1 or -2) for lymphadenopathy 
syndrome (LAS), acquired immune deficiency syndrome 
(AIDS) or AIDS-related complex (ARC), and for producing 
polypeptides. The single-stranded sequences are at least 20, 
more usually of at least about 50 nucleotides in length, and 
may find use as probes. The double-stranded sequences may 
find use as genes coding for expression of polypeptides, 
either fragments or complete polypeptides expressed by the 
virus or fused proteins, for use in diagnosis of HIV infection 
or evaluating stage of infection, the production of antibodies 
to HIV, and the production of vaccines. Based on the nucle 
otide sequences, synthetic peptides may also be prepared. 
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Specific aspects of the invention include: 
1. A DNA construct comprising a replication system rec 

ognized by a unicellular microorganism and a DNA 
sequence coding for at least 20 bp of a human immunodefi 
ciency virus (HIV) genome, said replication system being a 
non-HIV replication system; 

2. A DNA construct comprising a replication system rec 
ognized by a unicellular microorganism and a DNA 
sequence of at least about 21 bp having an open reading 
frame and having a sequence Substantially complementary 
to a sequence found in the gag, env, or pol region of an HIV, 
coding for a polypeptide which is immunologically non 
cross-reactive with HTLV-I and HTVL-II, and reactive with 
an HIV; 

3. A restriction endonuclease fragment of at least about 
1.5 kbp derived from restriction enzyme digestion by at least 
one restriction endonuclease of a DNA sequence coding for 
an HIV of the class HIV-1; 

4. A DNA sequence comprising a fragment of at least 
about 20 bp, wherein the strands are complementary to a 
restriction endonuclease fragment described in 3 above, said 
sequence duplexing with an HIV nucleic acid sequence and 
not duplexing with HTLV-I or HTLV-II under comparable 
selective hybridization conditions: 

5. A method for detecting the presence of an HIV nucleic 
acid sequence present in a nucleic acid sample obtained 
from a physiological sample, which comprises: 

(a) combining said nucleic acid sample with a single 
Stranded nucleic acid sequence of at least about 20 bases 
complementary to a sequence in said HIV and non-cross 
reactive with HTLV-I and -II under conditions of predeter 
mined stringency for hybridization; and 

(b) detecting duplex formation between said DNA 
sequence and nucleic acid present in said sample: 

6. A method for cloning DNA specific for an HIV, which 
comprises growing a unicellular microorganism containing 
the above-described DNA construct, whereby said DNA 
sequence is replicated; 

7. A method for producing an expression product of HIV 
which comprises: 

(a) transforming a unicellular microorganism host with a 
DNA construct having transcriptional and translational ini 
tiation and termination regulatory signals functional in said 
host and an HIV DNA sequence of at least 21 bp having an: 
open reading frame and under the regulatory control of said 
signals; and 

(b) growing said host in a nutrient medium, whereby said 
expression product is produced; 

8. A method for producing an expression product of HIV 
which comprises growing mammalian host cells having a 
DNA construct comprising transcriptional and translational 
initiation and termination regulatory signals functional in 
said host cells and a DNA sequence of at least 21 bp and less 
than the whole HIV genome, said sequence having an open 
reading frame and an initiation codon at its 5'-terminus and 
under the transcriptional and translational control of said 
regulatory signals, whereby a polypeptide encoded by said 
sequence is expressed. 

9. A method of detecting antibodies to HIV in a sample 
Suspected of containing said antibodies comprising: 

(a) providing a Support with at least one antigenic recom 
binant HIV polypeptide bound thereto; 

(b) contacting said sample with said Support-bound 
polypeptide; 
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(c) washing the Support; 
(d) contacting the Support with labeled antibody to human 

immunoglobulin; and 
(e) detecting the presence of said antibodies to HIV on 

said Support via said label; 
10. Recombinant HIV polypeptides including, but not 

limited to: 
(a) p16gag: 
(b) p25gag: 
c) an env polypeptide; 
(d) p31 pol: 
(e)a fusion protein of p16.gag and p25gag: 
(f) a fusion protein of a gag polypeptide and an env 

polypeptide; 
(g) a fusion protein comprising an env polypeptide; 
(h) a fusion protein comprising p31 pol: 
(i) gp120env; 
(i) gp41 env: 
(k) a fusion protein comprising env-5b; and 
(1) reverse transcriptase. 
11. An article of manufacture for use in an assay for anti 

HIV antibodies comprising at least one of the above 
described HIV polypeptides bound to a solid support. 

12. A vaccine composition, and a method of producing 
antibodies in a mammal comprising administering to said 
mammal said vaccine composition wherein the vaccine 
composition comprises an antigenically effective amount of 
a recombinant HIV polypeptide. 

Other embodiments will also be apparent from the 
description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a restriction map of proviral DNA from HIV 
strain ARV-2. 

FIGS. 2 and 3 are restriction maps of recombinant w 
phages containing ARV-2 sequences. 

FIG. 4 is a complete nucleotide sequence of ARV-2, 
derived from partial sequences of several ARV clones. Cor 
responding amino acid sequences are indicated for the open 
reading frames of the individual genes. 

FIG. 5 is the nucleotide sequence of ARV-2(9B). The 
amino acid sequences for the products of the gag, pol, and 
env genes are indicated. The U3, R, and U5 regions of the 
LTRS are also designated. The cap site is position +1. The 
nucleotides at the beginning of each line are numbered, and 
the amino acids at the end of each line are indicated. FIG. 5 
herein shows the same sequence as that in FIG. 5 of both 
U.S. Ser. No. 06/773,447 (filed 6 Sep. 1985) and U.S. Ser. 
No. 06/696,534 (filed 30 Jan. 1985), the nucleotides in the 
figure of the earlier applications being numbered from the 
beginning of the integrated sequences. 

FIG. 6 is a flow diagram showing the procedure for mak 
ing the plasmid of pSV-7c/env, an expression vector for 
ARV-2-env gene. 

FIG. 7 is a flow diagram showing the procedures for mak 
ing the plasmids pGAG25-10 and pGAG41-10. 

FIG. 8 is the nucleotide sequence of the p25gag gene 
cloned in plasmid pGAG25-10 and the amino acid sequence 
encoded by that gene. 

FIG. 9 is the coding strand of the nucleotide sequence 
cloned in pGAG41-10 for producing the fusion protein 
p41 gag and the corresponding amino acid. 

FIG. 10 is a nucleotide sequence coding for p16.gag pro 
tein that was cloned into plasmid ptac5 to make an expres 
sion plasmid for producing p16gag in bacteria. 
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FIG. 11 is a nucleotide sequence that encodes ARV-2 env 
protein that was used to prepare plasmid plPC303. 

FIG. 12 is a nucleotide sequence that encodes ARV-2 p31 
protein and is contained in plasmid pTP31. 

FIG. 13 is a map of the ARV envgene showing the regions 
enV-1, enV-2, env-3, env-4, and env-5. 

FIG. 14 is a restriction map of plasmid plM15, which 
was used to construct S. cerevisiae strain JSC302. 

FIG. 15 is the synthetic nucleotide sequence env-5b, 10 
which encodes the amino acid sequence of the ARV env-5 
region. 

FIG. 16 is the results of an indirect ELISA in which an 
AIDS patients serum (()) was titrated against microtiter 
plates coated with recombinant polypeptides from env 15 
regions. A pool of serum samples from random blood donors 
was used as a control (o). Panel A shows the results for 
purified, recombinant env-2. Panel B shows the results with 
purified, recombinant env-5b. The insert in each panel shows 
a Coomassie-stained gel (lane 1) and an immunoblot with 20 
the AIDS patient’s serum (lane 2) of the purified antigens 
used in these ELISAs. 

FIG. 17 shows the results of an ELISA, employing recom 
binant env-2 (top panel) and env-5b (bottom panel) 
polypeptides, ruin on seronegative blood donors. 25 

FIG. 18 shows the results of an ELISA, employing recom 
binant env-2 (top panel) and env-5b (bottom panel) 
polypeptides, run on HIV seropositive patients, including 
those diagnosed as having AIDS or AIDS-related complex 
(ARC), as well as those having contacts with AIDS patients. 

FIG. 19 shows the results of ELISAs used to measure 
antibody titers in the AIDS seropositive patients of FIG. 18. 

FIG. 20 is a flow diagram showing the procedure for mak 
ing plasmid paB24/RT4, an expression vector for HIV 3s 
reverse transcriptase. 

30 

FIG. 21 is a flow diagram showing the construction of 
pC1/1-p25-ADH-GAP, a yeast expression vector for 
p25gag. 

FIG. 22 shows the DNA and amino acid sequence of the 40 
p25gag structural region in pC1/1-p25-ADH-GAP. 

FIG. 23 is a flow diagram showing the construction of 
pC1/1-pSP31-ADH-GAP (pC1/1-pSP31-GAP-ADH2), a 
yeast expression vector for a SOD/p31 pol fusion protein. 

FIG. 24 shows the DNA and amino acid sequences of the 4 
SOD/p31 pol structural region in pC1/1-pSP31-ADH-GAP. 

FIG. 25 is a flow diagram showing the construction of 
pSOD/envišb from pSODCF2 and a synthetic env-5b 
Sequence. 50 
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FIG. 26 shows the nucleotide sequence and putative 
amino acid sequence of the SOD/env-4 fusion construct in 
pBS24/SOD-SFenva. 

FIG. 27 is a restriction map for yeast shuttle vector 
pAB24. 55 

FIG. 28 is a restriction map for yeast expression vector 
pAB-GAP-env2. 

FIG. 29 is a restriction map of pCMV6a. 
FIG. 30 is an immunoblot performed with AIDS patient go 

serum on env-1 (lanes A, B), env-2 (lanes C, D) and env-3 
(lanes E, F). Lanes A, C and E are immunoblots with normal 
sera, while lanes B, D and F are immunoblots with serum 
from an AIDS patient. 

FIG. 31 shows an ELISA survey for p31 antibodies. Panel 65 
(a) shows the results for random, normal blood donors. Panel 
(b) shows the results for virus-seropositive individuals. The 

6 
shaded bars are for Sera that scored negative in the virus 
immunoblot assays. 

MODES FOR CARRYING OUT THE INVENTION 

Nucleotide sequences are provided which are at least in 
part specific for sequences present in HIV retroviruses, 
which are the etiological agent of AIDS. HIV is an art 
recognized family of viruses, e.g., HIV-1 and HIV-2. The 
original isolates of these viruses were variably referred to as 
lymphadenopathy virus (LAV) Barre-Sinoussi et al. (1983) 
Science 220:868-871), human T-cell lymphotropic virus-III 
(HTLV-III) Popovic et al. (1984) Science 224:497 and 
AIDS-associated retrovirus (ARV) Levy et al. (1984) Sci 
ence 225:840-842). Applicants originally termed these iso 
lates “human T-cell lymphotropic retrovirus (hTLR)'. 
Subsequently, the name HIV has been given to these retrovi 
ruses by an international committee. Thus, HIV (and par 
ticularly HIV-1) shall be used herein as an equivalent to 
hTLR. Examples of HIV-1 were previously called LAV, 
ARV and HTLV-III. Among the identifying characteristics 
of HIV retroviruses are (i) being an etiologic of AIDS, (ii) 
being cytopathic in vitro, (iii) having a tropism for CD4 
bearing cells, and (iv) having elements trans-activating the 
expression of viral genes acting at the LTR level. 
New HIVs may be shown to be of the same class by being 

similar in their morphology, serology, reverse transcriptase 
optima, cytopathology, amino acid sequence, and nucleotide 
sequence as known HIV strains. Coffin et al. (1986) Nature 
321:10. Within different HIV-1 isolates, for example, the gag 
and pol proteins shows about 90-95% homology at the 
amino acid level, and the env precursor shows about 65-85% 
homology (most of the variations being confined to certain 
“hyper-variable' regions), with all 23 env cysteines being 
conserved. Alizon et al. (1986) Cell 46:63-74. HIV-2, 
however, is a new class of the HIV family that is not a strain 
of HIV-1 according to the recommended criteria of the inter 
national taxonomy committee. See, e.g., Guyader et al. 
(1987) Nature 326:662-669, HIV-1 and HIV-2 show an over 
all approximate amino-acid homology of about 42%, with 
about 60% amino acid homology for the gag and pol 
proteins, and about 40% for the env precursor. 
The nucleotide sequences of this invention may be the 

entire sequence of the retrovirus and/or the provirus or may 
be fragments thereof based on restriction enzyme digestion 
of HIV (provirus and/or other dsDNA homologous to retro 
virus RNA), which fragments may be all or part of the LTR, 
gag, pol, env, and/or other open reading frames, such as Q 
(or sor), R, tat, and art (or trs) (sometimes referred to by the 
designation “orf herein), untranslated regions intermediate 
coding regions, and fragments and combinations thereof. 
The minimum size single-stranded fragment will be at least 
20 bases and usually at least 50 bases and may be 100 bases 
or more, where the entire HIV is about 9.5 kb. The sequence 
may be obtained as a fragment from the HIV or be synthe 
sized. 
The fragments can be used in a wide variety of ways, 

depending upon their size, their natural function, the use for 
which they are desired, and the degree to which they can be 
manipulated to modify their function. Thus, sequences of at 
least 20 bases, more usually at least 50 bases, and usually not 
exceeding about 1000 bases, more usually not exceeding 
about 500 bases, may serve as probes for detection of the 
presence of HIV in a host cell, including the genome, or in a 
physiological fluid, such as blood, lymph, saliva, spinal 
fluid, or the like. These sequences may include coding and/ 
or non-coding sequences. The coding sequences may 
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involve the gag, pol, env or other open reading frames, either 
in whole or in part. Where splicing occurs between, for 
example, a region in the LTR sequence and a coding 
sequence in another region, the joined DNA from the 
provirus, linked by invitro manipulation, or from cDNA or 
cloned cDNA, may be employed. 

It is found that HIV is highly polymorphic. Therefore, not 
only may DNA prepared from various isolates vary by one 
or more point mutations, but even the passage of a single 
isolate may result in variation in the progeny. Thus, where 
the nucleotide sequences are used for duplex formation, 
hybridization, or annealing, for example, for diagnosis or 
monitoring of the presence of the virus in Vivo or invitro, 
complete base pairing will not be required. One or more 
mismatches are permissible. To ensure that the presence of 
one or a few, usually not more than three, mismatches still 
allows for stable duplexes under the predetermined strin 
gency of hybridizing or annealing conditions, probes will 
normally be greater than 20 bases, preferably at least about 
50 bases or more. 

The method of detection will involve duplex formation by 
annealing or hybridization of the oligonucleotide probe, 
either labeled or unlabeled, depending upon the nature of the 
detection system, with the DNA or RNA of a host suspected 
of harboring the provirus or virus. A physiological sample 
may include tissue, blood, saliva, serum, etc. Particularly, 
blood samples will be taken, more particularly blood 
samples containing peripheral mononuclear cells, which 
may be lysed and the DNA or RNA isolated in accordance 
with known techniques. Cells may be cultured to amplify 
virus in vitro, or treated to stimulate PBLs, thereby produc 
ing more virus. Conveniently, the cells are treated with a 
detergent, nucleic acids are extracted with organic solvents 
and precipitated in an appropriately buffered medium, and 
the DNA or RNA isolated. Depending upon the particular 
protocol, the DNA may be fragmented by mechanical shear 
ing or restriction endonuclease digestion. 
The sample polynucleotide mixture obtained from the 

human host can be bound to a Support or may be used in 
Solution depending upon the nature of the protocol. The 
well-established Southern technique (1975) J. Mol. Biol. 
98:503 may be employed with denatured DNA, by binding 
the single-stranded fragments to a nitrocellulose filter. 
Alternatively, RNA can be blotted on nitrocellulose follow 
ing the procedure described by Thomas, (1980) Proc. Natl. 
Acad. Sci. (USA) 77:5201. Desirably, the fragments will be 
electrophoresed prior to binding to a Support, so as to be able 
to select for various sized fractions. Other techniques may 
also be used such as described in Meinkoth & Wahl, (1984) 
Anal. Biochem. 138:267-284. 

The oligonucleotide probe may be DNA or RNA, usually 
DNA. The oligonucleotide sequence may be prepared syn 
thetically or in vivo by cloning, where the complementary 
sequence may then be excised from the cloning vehicle or 
retained with the cloning vehicle. Various cloning vehicles 
are available, such as pBR322, M13, Charon 4A, or the like, 
desirably a single-stranded vehicle, such as M13. 
As indicated, the oligonucleotide probe may be labeled or 

unlabeled. A wide variety of techniques exist for labeling 
DNA and RNA. As illustrative of such techniques, is radio 
labeling using nick translation, tailing with terminal 
deoxytransferase, or the like, where the bases which are 
employed carry radioactive P. Alternatively, radioactive 
nucleotides can be employed where carbon, nitrogen or 
other radioactive atoms may be part of the nucleoside struc 
ture. Other labels which may be used include fluorophores, 
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8 
enzymes, enzyme substrates, enzyme cofactors, enzyme 
inhibitors, or the like. Alternatively, instead of having a label 
which provides for a detectable signal by itself or in con 
junction with other reactive agents, ligands can be used to 
which receptors bind, where the receptors are labeled such 
as with the above-indicated labels, which labels provide 
detectable signals by themselves or in conjunction with 
other reagents. See, e.g., Leary et al. (1983) Proc. Natl. 
Acad. Sci. (USA) 80:4045-4049; Cosstick et al. (1984) 
Nucleic Acids Res. 12:1791-1810; PCT Pub. No. WO 
83/02277. 
The oligonucleotide probes are hybridized with the dena 

tured human host nucleic acid, Substantially intact or 
fragmented, or fractions thereof, under conditions of prede 
termined stringency. The Stringency will depend upon the 
size and composition of the probe, the degree of 
mismatching, the desired cross reactivity with other strains 
of the subject HIV, and the like. Usually, an organic solvent 
such as formamide will be present in from about 30 to 60 vol 
percent, more usually from about 40 to 50 vol percent, with 
salt concentration from 0.5 to 1 M. Temperatures will gener 
ally range from about 30° C. to 65° C., more usually from 
about 35° C. to 50° C. The times for duplex formation may 
be varied widely, although minimum times will usually be at 
least about one hour and not more than about 72 hours, the 
time being selected in accordance with the amount of DNA 
or RNA available, the proportional of DNA or RNA as com 
pared to total DNA or RNA, or the like. Stringency may also 
be modified by ionic strength and temperature. The hybrid 
ization and annealing can be carried out in two stages: a first 
stage in a hybridization medium; and, a second stage, 
involving washings at a higher stringency, by varying either 
or both temperature and ionic strength. 
As understood in the art, the term “stringent hybridization 

conditions” as used herein refers to hybridization conditions 
which allow for closely related nucleic acid sequences to 
duplex (e.g., greater than about 90° homology), but not unre 
lated sequences. The appropriate conditions can be estab 
lished by routine procedures, such as running Southern 
hybridization at increasing stringency until only related spe 
cies are resolved and the background and/or control hybrid 
ization has disappeared (i.e., selective hybridization). 
The oligonucleotide probe may be obtained in a variety of 

ways. Viral RNA from HIV may be isolated from the super 
natant of cells infected (e.g., HIV-1 or HIV-2) in culture, and 
the high molecular weight materials precipitated and the 
DNA removed, for example, employing DNase. The residual 
RNA may then be divided into molecular weight fractions, 
where the fraction associated with the molecular weight of 
the retrovirus is isolated. This fraction will be from about 8 
to 10 kb viral RNA. The viral RNA may be further purified 
by conventional techniques, such as electrophoresis, 
chromatography, or the like. 

Nucleotide probes may be prepared employing reverse 
transcriptase using primers, e.g., random primers or specific 
primers. The cDNA may be prepared employing a radioac 
tive label, e.g., P. present with one or more of the dNTPs. 
Reverse transcription will provide various sized fragments 
depending on the primers, the efficiency of transcription, the 
integrity of the RNA, and the like. The resulting cDNA 
sequences may be cloned, separated and used for detection 
of the presence of a provirus in the human genome or for 
isolation of pure retroviral RNA. 

Using specific primers of 10 to 20 bases, or more, HIV 
may be reverse transcribed and the resulting ssDNA used as 
a probe specific for the region which hybridized to the 
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primer. By employing one or more radionucleotide-labeled 
bases, the probes will be radiolabeled to provide a detectable 
signal. Alternatively, modified bases may be employed 
which will be randomly incorporated into the probe and may 
be used to provide for a detectable signal. For example, 
biotin-modified bases may be employed. The resulting 
biotin-containing probe may then be used in conjunction 
with labeled avidin to provide for a detectable signal upon 
hybridization and duplex formation. 
Of particular interest is employing the region containing 

the gag or env genes, where fragments may be employed to 
screen proviral DNA in infected cells, to determine the iden 
tity of retroviruses associated with AIDS or LAS obtained 
from different human hosts. Probes providing for the desired 
degree of cross-reactivity or absence of cross-reactivity may 
then be prepared in a form, either labeled or unlabeled, use 
ful for diagnostic assays employing hybridization and 
annealing. 
The double-stranded DNA sequences, either isolated and 

cloned from proviral DNA or cDNA or synthesized, may be 
used for expression of polypeptides which may be a precur 
Sor protein subject to further manipulation by cleavage, or a 
complete mature protein or fragment thereof. The Smallest 
sequence of interest, so as to encode an amino acid sequence 
capable of specific binding, for example, to a receptor or an 
immunoglobulin, will be 21 bp, usually at least 45bp, exclu 
sive of the initiation codon. The sequence may code for any 
greater portion of or the complete polypeptide, or may 
include flanking regions of a precursor polypeptide, so as to 
include portions of sequences or entire sequences coding for 
two or more different mature polypeptides. The sequence 
will usually be less than about 5 kbp. more usually less than 
about 3 kbp. 
The sequences having open reading frames as numbered 

in FIG. 4 are the genes beginning at nucleotide (nt) 838 to 
2298 (gag); 2347 to 2825 (small polypeptide between gag 
and pol regions); 2965 to 5103 (pol); and 6236 to 8800 (env). 
It is to be understood that the above sequences may be 
spliced to other sequences present in the retrovirus, so that 
the 5'-end of the sequence may not code for the N-terminal 
amino acid of the expression product. The splice site may be 
at the 5'-terminus of the open reading frame or internal to the 
open reading frame. The initiation codon for the protein may 
not be the first codon for methionine, but may be the second 
or third methionine, so that employing the entire sequence 
indicated above may result in an extended protein. However, 
for the gag and enV genes there will be proteolytic process 
ing in mammalian cells, which processing may include the 
removal of extra amino acids. 

In isolating the different domains the provirus may be 
digested with restriction endonucleases, the fragments elec 
trophoresed and fragments having the proper size and 
duplexing with a probe, when available, are isolated, cloned 
in a cloning vector, and excised from the vector. The frag 
ments may then be manipulated for expression. Superfluous 
nucleotides may be removed from one or both termini using 
Bal31 digestion. By restriction mapping, convenient restric 
tion sites may be located external or internal to the coding 
region. Primer repair or invitro mutagenesis may be 
employed for defining a terminus, for insertions, deletion, 
point or multiple mutations, or the like, where codons may 
be changed, either cryptic or changing the amino acid, 
restriction site introduced or removed, or the like. Where the 
gene has been truncated, the lost nucleotides may be 
replaced using an adaptor. Adaptors are particularly useful 
for joining coding regions to ensure the proper reading 
frame. 
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The env domain of HIV can be obtained by digestion of 

the provirus with EcoRI and Kipni and purification of a 3300 
base pair (bp) fragment, which fragment contains about 400 
bp of 5' non-coding and about 200 bp of 3' non-coding 
region. Three different methionines coded for by the 
sequence in the 5' end of the open reading frame may serve 
as translational initiation sites. 
The open reading frame of the env gene of ARV-2 has a 

coding capacity of 863 amino acids. Portions of the enV gene 
coding for the polypeptides shown in FIG. 5 were produced 
in S. cerevisiae using yeast expression vectors. See FIG. 13. 
EnV-2, encompassing amino acid residues 26 to 510, corre 
sponds to the major portion of the mature envelope 
glycoprotein, gp120, that is external to viral and infected cell 
membranes. Env-1 includes amino acid residues 26 to 276 
and represents approximately the amino-terminal half of the 
gp120 polypeptide. EnV-3, stretching between amino acid 
residues 529 to 855, corresponds to the portion of the env 
gene which encodes gp41, the viral glycoprotein that spans 
membranes and serves as an anchor for the envelope glyco 
protein complex. Env-4, amino acid residues 272 to 509, 
correspond to the carboxyl terminal half of gp120. Env-5b, 
encompassing amino acid residues 557 to 677, corresponds 
to the region of gp41 stretching between the two hydropho 
bic domains. These various recombinant portions of the env 
domain are valuable in diagnostic assays for HIV infections, 
particularly env-2 and env-5b. 

Digestion of proviral sequences with SacI and EcoRV 
provides a fragment of about 2300 bp which contains the gag 
domain and a second Small open reading frame towards the 
3' end of the gag region. The gag domain is about 1500 bp 
and codes for a large precursor protein which is processed to 
yield proteins of about 25,000 (p23), 16,000 (p16) and 
12,000 (p12) daltons. Digestion with SacI and BglII may 
also be used to obtain exclusively the gag domain with p12. 
p25 and partial p16 regions. 

Digestion of the previous with KpnI and SstI provides a 
fragment containing the portion of the pol domain that 
encodes p31. Native HIV reverse transcriptase (RT) is puri 
fied from virions in p66 and p51 forms. Both of these forms 
have identical N-termini, apparently differing at the 
C-termini. RT is encoded within a domain of the viral pol 
gene. The mature enzyme is derived by proteolytic process 
ing from a large precursor polypeptide whose cleavage is 
thought to be mediated by a viral protease. This protease, by 
analogy with other retroviruses, also cleaves the gag gene 
precursor. For direct expression of the RT domain in yeast, 
the N- and C-termini of the mature protein were estimated 
by drawing on homology comparisons with the amino acid 
sequences of pol gene products of other retroviruses. Precise 
amino acid choices for termini were based on the target 
specificities of retroviral proteases, including the AIDS virus 
protease, from known gag subunit sequences. Accordingly, 
the Phe-Pro at positions 155 and 156 of the ARV-2 pol open 
reading frame and the Val-Pro at positions 163 and 164 were 
selected as likely N-termini. A likely C terminal processing 
site was estimated at the Val-Pro of positions 691 and 692. 
See FIG. 5. Recombinant RT is valuable in diagnostic assays 
for HIV infections. 
The polypeptides which are expressed by the above DNA 

sequences may find use in a variety of ways. The polypep 
tides or immunologically active fragments thereof, may find 
use as diagnostic reagents, being used in labeled or unla 
beled form or immobilized (i.e., bound to a solid surface), as 
vaccines, in the production of monoclonal antibodies, e.g., 
inhibiting antibodies, or the like. 
The DNA sequences may be joined with other sequences, 

Such as viruses, e.g., vaccinia virus or adenovirus, to be used 
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for vaccination. Particularly, the DNA sequence of the viral 
antigen may be inserted into the vaccinia virus at a site 
where it can be expressed, so as to provide an antigen of HIV 
recognized as an immunogen by the host. The gag, pol, or 
enV genes or fragments thereof that encode immunogens 
could be used. 

Another alternative is to join the gag, env, or pol regions 
or portions thereof to HBs.Ag gene or pre-S HBs.Ag gene or 
immunogenic portions thereof, which portion is capable of 
forming particles in a unicellular microorganism host, e.g., 
yeast or mammalian cells. Thus, particles are formed which 
will present the HIV immunogen to the host in immunogenic 
form, when the host is vaccinated with assembled particles. 
AS Vaccines, the various forms of the immunogen can be 

administered in a variety of ways, orally, parenterally, 
intravenously, intra-arterially, Subcutaneously, 
intramuscularly, or the like. Usually, these will be provided 
in a physiologically acceptable vehicle, generally distilled 
water, phosphate-buffered saline, physiological saline, buff 
ers containing SDS or EDTA, and the like. Various adjuvants 
may be included, such as aluminum hydroxide, MTP in 
saline and Tween 80, and the dosages, number of times of 
administration and manner of administration determined 
empirically. 

In order to obtain the HIV sequence (e.g., HIV-1 or HIV 
2), virus can be pelleted from the supernatant of infected 
host cells. A 9 kb RNA species is purified by electrophoresis 
of the viral RNA in low-melting agarose gels, followed by 
phenol extraction. The purified RNA may then be used as a 
template with random primers in a reverse transcriptase 
reaction. The resulting cDNA is then screened for hybridiza 
tion to poly A+ RNA from infected and uninfected cells, or to 
one of vectors containing HIV DNA disclosed herein. For 
the poly A+ RNA, hybridization occurring from infected, but 
not uninfected cells, is related to HIV. 
Genomic DNA from infected cells can be digested with 

restriction enzymes and used to prepare a bacteriophage 
library. Based upon restriction analysis of the previously 
obtained fragments of the retrovirus, the viral genome can be 
partially digested with EcoRI and 9 kb-15 kb DNA frag 
ments isolated and employed to prepare the library. The 
resulting recombinant phage, may be screened using a 
double-lift screening method employing the viral cDNA 
probe, followed by further purification, e.g., plaque 
purification and propagation in large liquid cultures. From 
the library, the complete sequence of the virus can be 
obtained and detected with the previously described probe. 
HIV DNA (either provirus or cDNA) may be cloned in 

any convenient vector. Constructs can be prepared, either 
circular or linear, where the HIV DNA, either the entire HIV 
or fragments thereof, may be ligated to a replication system 
functional in a microorganism host, either prokaryotic or 
eukaryotic cells (mammalian, yeast, arthropod, plant). 
Micro-organism hosts include E. coli, B. subtilis, P. 
aeruqenosa, S. cerevisiae, N. crassa, etc. Replication sys 
tems may be derived from ColE1, 2 mu plasmid J. SV40, 
bovine papilloma virus, or the like, that is, both plasmids and 
viruses. Besides the replication system and the HIV DNA, 
the construct will usually also include one or more markers, 
which allow for selection of transformed or transfected 
hosts. Markers may include biocide resistance, e.g., resis 
tance to antibiotics, heavy metals, etc., complementation in 
an auxotrophic host to provide prototrophy, and the like. 

To produce recombinant polypeptides, expression vectors 
will be employed. For expression in microorganisms, the 
expression vector may differ from the cloning vector in hav 
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12 
ing transcriptional and translational initiation and termina 
tion regulatory signal sequences and may or may not include 
a replication system which is functional in the expression 
host. The coding sequence is inserted between the initiation 
and termination regulatory signals so as to be under their 
regulatory control. Expression vectors may also include the 
use of regulable promoters, e.g., temperature-sensitive or 
inducible by chemicals, or genes which will allow for inte 
gration and amplification of the vector and HIV DNA such 
as the, dhfr, metallothionein, or the like. 
The expression vector is introduced into an appropriate 

host where the regulatory signals are functional in Such host. 
The expression host is grown in an appropriate nutrient 
medium, whereby the desired polypeptide is produced and 
isolated from cells or from the medium when the polypep 
tide is secreted. 

Where a host is employed in which the HIV transcrip 
tional and translational regulatory signals are functional, 
then the HIV DNA sequence may be manipulated to provide 
for expression of the desired polypeptide in proper juxtapo 
sition to the regulatory signals. 
The polypeptide products can be obtained in substantially 

pure form, particularly free of debris from human cells, 
which debris may include Such contaminants as proteins, 
polysaccharides, lipids, nucleic acids, viruses, bacteria, 
fungi, etc., and combinations thereof. Generally, the 
polypeptide products will have less than about 10-15 weight 
percent, preferably less than about 5 weight percent, of con 
taminating materials from the expression host. Depending 
upon whether the desired polypeptide is produced in the 
cytoplasm or secreted, the manner of isolation will vary. 
Where the product is in the cytoplasm, the cells are 
harvested, lysed, the product extracted and purified, using 
Solvent extraction, chromatography, gel exclusion, 
electrophoresis, or the like. Where secreted, the desired 
product will be extracted from the nutrient medium and puri 
fied in accordance with the methods described above. 

In many cases it will be desirable to express the recombi 
nant HIV polypeptide as a fusion protein. This is particularly 
true with polypeptides such as p31 pol and the transmem 
brane region of gp41 env (env-5), to obtain improved levels 
of expression. The fusion proteins approach allows the addi 
tion of a signal sequence to the HIV polypeptide so that the 
product is secreted by the expression host. Generally, the 
DNA sequence for the HIV polypeptide is in the C-terminal 
portion of the fused gene, the heterologous sequence making 
up the N-terminal. The choice of the appropriate heterolo 
gous sequence for fusion to the HIV sequence is a matter of 
choice within the skill of the art. Preferred heterologous 
sequences include the N-termini of B-galactosidase and 
human superoxide dismutase. It is usually preferable that the 
heterologous sequence be non-immunogenic to humans. In 
one embodiment, however, two HIV sequences from differ 
ent immunogenic domains of the virus, such as gag and env, 
are fused together. This produces a single fusion protein with 
the immunogenic potential of the two parent polypeptides. 
The expression products of the env, gag, and pol genes 

and immunogenic fragments thereof having immunogenic 
sites may be used for screening antisera from patients’ blood 
to determine whether antibodies are present which bind to 
HIV antigens. One or more of the antigens may be used in 
the assay. Preferred modes of the assay employ a combina 
tion of gag and env antigens or pol and env antigens. A 
combination of p25gag, p16.gag, or p31 pol and env antigens 
is particularly preferred. A wide variety of assay techniques 
can be employed, involving labeled or unlabeled antigens or 
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immobilized antigens. The label may be fluorescers, 
radionuclides, enzymes, chemiluminescers, magnetic 
particles, enzyme Substrates, cofactors or inhibitors, ligands, 
or the like. 
A particularly convenient technique is to bind the antigen 

to a Support that will bind proteins, such as the Surface of an 
assay tube, a well of an assay plate, or a strip of material like 
nitrocellulose or nylon, and then contact the sample with the 
immobilized antigen. After washing the Support to remove 
non-specifically bound antisera, labeled antibodies to human 
Ig are added and specifically bound label determined. 
ELISA and "dot-blot' assays are particularly useful for 

screening blood or serum samples for anti-HIV antibodies. 
The ELISA assay uses microtiter trays having wells that 
have been coated with the antigenic HIV polypeptides(s). 
The wells are also typically post-coated with a nonantigenic 
protein to avoid nonspecific binding of antibodies in the 
sample to the well surface. The sample is deposited in the 
wells and incubated therein for a suitable period under con 
ditions favorable to antigen-antibody binding. 

Anti-HIV antibodies present in the sample will bind to the 
antigens) on the well wall. The sample is then removed and 
the wells are washed to remove any residual, unbound 
sample. A reagent containing enzyme-labeled antibodies to 
human immunoglobulin is then deposited in the wells and 
incubated therein to permit binding between the labeled anti 
human Ig antibodies and HIV antigen-human antibody com 
plexes bound to the well wall. Upon completion of the 
incubation, the reagent is removed and the wells washed to 
remove unbound labeled reagent. A substrate reagent is then 
added to the wells and incubated therein. Enzymatic activity 
on the substrate is determined visually or spectrophotometri 
cally and is an indication of the presence and amount of 
anti-HIV antibody-containing immune complex bound to 
the well surface. 

The "dot-blot” procedure involves using HIV antigen?s) 
immobilized on a piece or strip of bibulous Support material, 
Such as nitrocellulose filter paper or nylon membrane, rather 
than antigen-coated microtiter trays. The Support will also be 
treated Subsequently with a nonantigenic protein to elimi 
nate nonspecific binding of antibody to the Support. The 
antigen-carrying Support is contacted with (e.g., dipped into) 
the sample and allowed to incubate therein. Again, any anti 
HIV antibodies in the sample will bind to the antigenCs) 
immobilized on the support. After a suitable incubation 
period the support is withdrawn from the sample and washed 
in buffer to remove any unbound sample from the paper. The 
support is then incubated with the enzyme-labeled antibody 
to human Ig reagent for a Suitable incubation period. Follow 
ing treatment with the labeled reagent the Support is washed 
in buffer, followed by incubation in the substrate solution. 
Enzymatic activity, indicating the presence of anti-HIV 
antibody-containing complexes on the Support, causes color 
changes on the Support which may be detected optically. 

Either of these techniques may be modified to employ 
labels other than enzymes, or to detect non-human anti-HIV 
antibodies (e.g., primate). The reading or detection phases 
will be altered accordingly. 
The antigenic HIV polypeptide may also be used as 

immunogens by themselves or joined to other antigens for 
the production of antisera or monoclonal antibodies which 
may be used for therapy or diagnosis. When used as 
immunogens, the HIV polypeptides can be prepared as vac 
cine compositions, as is known in the art. The immunoglo 
bulins may be from any mammalian Source, e.g., rodent, 
Such as rat or mouse, primate, such as baboon, monkey or 
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14 
human, or the like. For diagnosis, the antibodies can be used 
in conventional ways to detect HIV in a clinical sample. 

EXAMPLES 

The following examples are offered for illustrative pur 
poses only, and are not intended to limit the scope of the 
claims in any way. The examples are organized as follows: 
1. Isolation, Cloning and Characterization of HIV 

1.1. Purification and preparation of viral RNA 
1.2. Synthesis of labeled viral probe 
1.3. Detection of HIV RNA and DNA in mammalian cells 

1.4. Cloning of proviral HIV DNA 
1.5. Polymorphism of HIV 
1.6. Sequencing of proviral DNA 
1.7. Amino acid sequences of native HIV proteins 

2. Expression of HIV Polypeptides in Mammalian Cells 
2.1. Expression of env peptide 

2.1.1. Mammalian expression vector pSV-7c 
2.1.2. Transformation of cells with env sequences 
2.1.3. Detecting Expression Via immunofluorescence 

2.2 Expression of gp160env 
2.2.1. Mammalian expression vector pSV7d 
2.2.2. Expression oftBA/gp160 

2.3 Expression of gp120env 
2.3.1. Expression oftBA/gp120 in pSV7d 
2.3.2. Expression of gp120 using CMV IE-1 promoter 

2.4 Expression of gag peptides 
2.5 Expression of gag-env fusion protein 

3. Expression of HIV Polypeptides in Bacteria 
3.1. Expression of p25gag 

3.1.1. Host-vector system 
3.1.2. Construction of pGAG25-10 
3.1.3. Transformation and expression of gag peptide 
3.1.4. Fermentation process 

3.1.4.1. Preparation of master seed stock 
3.1.4.2. Fermenter inoculum 
3.1.4.3. Fermentation and harvest 

3.1.5. Purification of p25gag 
3.1.6. Characterization of Recombinant p25gag 

3.1.6.1. Protein gel electrophoresis 
3.1.6.2. Western analysis 
3.1.6.3. ELISA comparison of recombinant and 

native p25gag 
3.2. Expression of p16.gag 
3.3. Expression of fusion protein p41 gag 
3.4. Expression of p31 pol 

3.4.1. Host-vector system 
3.4.2. Construction of pTP31.2 

3.4.2.1. Construction of M13 template 01100484 
3.4.2.2. In vitro mutagenesis of 01100484 
3.4.2.3. Isolation of DNA fragments containing p31 
3.4.2.4. Cloning of p31 into plot 7 
3.4.2.5. Construction of pTP31 

3.4.3. Screening of transformants 
3.4.4. Characterization of Recombinant protein 

3.5. Expression of SOD-p31 fusion protein 
3.6. Expression of SOD-envišb fusion protein 

3.6.1. Host-Vector System 
3.6.2. Construction of pSOD/envišb 
3.6.3. Expression of SOD/envišb fusion protein 
3.6.4. Protein Purification 
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3.7. Expression of B-gal-env fusion proteins 
3.7.1. Host-vector system 
3.7.2. Construction of plI-3. 
3.7.3. Expression and characterization of fusion protein 

4. Expression of HIV Polypeptides in Yeast 
4.1. Expression of envi peptide 

4.1.1. Host-vector system 
4.1.2. Construction of pDPC303 
4.1.3. Transformation and expression 
4.1.4. Purification of envH protein 

4.1.4.1. Cell breakage 
4.1.4.2. SDS extraction of insoluble material 
4.1.4.3. Selective precipitation and gel filtration 

4.1.5. Characterization of recombinant envH 
4.2. Expression of env Subregion polypeptides 

4.2.1. Env-1 
4.2.1.1. GAP promoter 

4.2.2. Env-2 
4.2.2.1. Construction of p AB24-GAP-env2 
4.2.2.2. Transformation and expression 
4.2.2.3. Purification of env-2 protein 
4.2.2.4. Immunogenicity 

4.2.3. Env-3 
4.2.3.1. GAP promoter 
4.2.3.2. ADH-2/GAPDH promoter 

4.2.4. Env-4 
4.2.4.1. pBS24/SF2env4/GAP 
4.2.4.2. pBS24 
4.2.4.3, pFBS24/SOD-SF2env4 

4.2.5. ySOD/env-5b fusion protein 
4.2.6. Env 4-5 

4.2.6.1. Construction of pBS24.1/SOD-SF2env 4-5 
4.2.6.2. Transformation and expression 
4.2.6.3. Protein purification 

4.3. p31 pol 
4.3.1. GAP/ADH2 promoter 
4.3.2. GAP promoter 
4.3.3. SOD-p31 fusion protein 

4.3.3.1 pC1/1-pSP31-GAP-ADH2 
4.3.3.2. Transformation and expression 
4.3.3.3. Purification and characterization 

4.4 Reverse transcriptase (RT) 
4.4.1. p AB25/RT4 expression vector 
4.4.2. Transformation and Expression 
4.4.3. Purification 
4.4.4. Electrophoresis and Immunoblotting 
4.4.5. RT activity assay 

4.5.p25gag 
4.5.1. Host-vector system 
4.5.2. Saccharomyces cerevisiae AB110 
4.5.3. pC1/1-p25-ADH-GAP 
4.5.4. Transformation and Expression 
4.5.5. Protein Purification 

4.6 p53 gag 
4.6.1. Construction of pCl/1-GAP-p53 
4.6.2. Transformation and expression 
4.6.3. Protein purification 

5. Immunoassays for Anti-HIV Abs. Using Recombinant 
HIV Polypeptides 
5.1 ELISA-A 

5.1.1. Assay Protocol 
5.1.2. Results 

5.2. ELISA-B 
5.2.1. Assay Protocol 
5.2.2. Results 
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5.3. Dot Blot Assay 
5.4. Immunoblot Strip ELISA Assay 

6. Serology Studies with Recombinant HIV Polypeptides 
6.1. Immunoblot with Env Polypeptides 
6.2. ELISA with Env Polypeptides 
6.3. ELISA with Gag Polypeptides 
6.4. Western and ELISA with Pol Polypeptides 

7. HIV Immunization 
7.1. Immunization of Mice 
7.2. Immunization of guinea pigs 

7. Deposits of Biological Materials 
1. Isolation, Cloning and Characterization of HIV 
The DNA and RNA sequences of HIV are provided, as 

well as fragments thereof, which find extensive use in the 
detection of the presence of HIV, for the expression of pro 
tein specific for HIV and the use of such proteins for the 
production of monoclonal antibodies for invitro and in vivo 
use, in diagnostics, therapy, or the like. In addition, due to 
the observed polymorphism of HIV, probes are indicated 
which can be used to detect the presence of HIV or a particu 
lar polymorphism thereof. The probes are at least about 20 
bases and will usually not be more than about 500 bases and 
may be in the gag, env or LTR region. Furthermore, a strat 
egy is provided for analyzing the various polymorphisms, 
using restriction enzyme analysis, whereby different isolates 
can be related in accordance with different families. 
1.1 Purification and Preparation of Viral RNA 
HUT-78 cells infected with ARV-2 (ATCC Accession No. 

CRL 8597, deposited on Aug. 7, 1984) were obtained from 
Dr. Jay Levy, University of California, San Francisco. Cul 
tures were grown for two weeks in RPMI medium with 10% 
fetal calf serum. Cells were removed by low-speed centrifu 
gation (1,000xg for 10 min), and the resulting Supernatants 
centrifuged at 2 Krpm for 1 h at 4°C. using a SW-28 rotor. 
The pellet, containing the virus, was resuspended in 10 mM 
Tris-HCl, pH 7.5 on ice. The resuspended pellet was treated 
with 10 ug of DNase (Boehringer-Mannhein) and was lay 
ered onto a linear sucrose gradient (15-50% in 10 mM Tris 
HCl, pH 7.5, 1 mM EDTA, 20 mM. NaCl). The gradient was 
spun at 34 Krpm for 4h at 4°C., in SW-41 rotor. Five 2.5 ml 
fractions were collected and an aliquot of each was electro 
phoresed in a 1% agarose, 5 mM methyl mercury hydroxide 
gel Bailey et al. (1976) Anal. Biochem. 70:75-85 to deter 
mine which contained the 9 kb viral RNA. The fraction con 
taining the viral RNA (identified by gel analysis) was diluted 
to 10 ml in 10 mM Tris-HCl, pH 7.5, 1 mM EDTA and was 
centrifuged at 34 Krpm for 2 h at 4° C. The pellet was 
resuspended in 20 mM Tris-HCl, pH 7.6, 10 mM EDTA, 
0.1% SDS, and 200 ug/ml proteinase K. Incubation was car 
ried out for 15 min at room temperature. The mixture was 
extracted with phenol and the aqueous phase was made 400 
mM NaCl and precipitated with ethanol. The pellet was 
resuspended in water and stored at -70° C. 
To purify the viral RNA from the nucleic acid pellet 

obtained as described above, a sample was electrophoresed 
in a low-melting 1% agarose gel containing 5 mM Methyl 
mercury hydroxide. After electrophoresis, the gel was 
stained with 0.1% ethidium bromide and nucleic acid bands 
were visualized under UV light. The region coresponding to 
9 kb was cut from the gel and the agarose was melted at 70° 
C. for 2 to 3 min in three volumes of 0.3 MNaCl, 10 mM 
Tris, pH 7.5, 1 mM EDTA. The mixture was extracted with 
an equal Volume of phenol. The aqueous phase was reex 
tracted with phenol and was precipitated with ethanol. The 
pellet was washed with cold 95% ethanol, air dried, resus 
pended in water and stored at -70° C. until use. One hundred 
ml of culture medium yielded 0.5 to 1 pg of purified RNA. 
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1.2. Synthesis of Labeled Viral Probe 
A 'P-labeled cDNA was made to the gel purified viral 

RNA using random primers (calf thymus primers) prepared 
as described in Maniatis et al., Molecular Cloning: A Labo 
ratory Manual (Cold Spring Harbor Laboratories 1982). The 
reaction mixture contained 2 ul of 0.5 M MgCl2, 5ul of 0.1 
Mdithiothreitol; 2.5ul each of 10 mM DATP, 10 mM dGTP 
and 10 mM dTTP; 2.5ul calf thymus primer (100A/ml); 
0.5ug viral RNA: 5ul of actinomycin D (200 ug/ml); 10 ul 
of P-dCTP (>3000 Ci/mmole, 1 mCi/ml) and 1 ul of AMV 
reverse transcriptase (17 units/ul) in a 50 ul reaction volume. 
The reaction was incubated for 1 h at 37°C. The probe was 
purified away from free nucleotides by gel filtration using a 
Sephadex G50 column. The void volume was pooled, NaCl 
was added to a final concentration of 400 mM and carrier 
single-stranded DNA to 100 ug/ml, and the cDNA was pre 
cipitated with ethanol. The pellet was resuspended in water 
and incorporated P counts were determined. 
1.3. Detection of HIV RNA and DNA in Mammalian Cells 
PolyA+ RNA was prepared from HUT-78 cells infected 

with ARV-2, ARV-3 or ARV-4 (three different isolates from 
three different AIDS patients) and from uninfected HUT-78 
cells. The polyA+ RNA was electrophoresed on 1% agarose 
gels containing 5 mM methyl mercury hydroxide (Bailey et 
al. supra), was tranferred to nitrocellulose filters, and hybrid 
ized with the homologous probe prepared as described in 
Section 1.2. Hybridizations were carried out in 50% 
formamide, 3xSSC at 42° C. Washes were at 50° C. in 0.2x 
SSC. A 9 kbp band was present in all three samples of 
infected HUT-78 cells. This band was absent in polyA+ from 
uninfected cells. 

High molecular weight DNA (chromosomal) was pre 
pared from cultures of HUT-78 cells infected with ARV-2 
and from non-infected HUT-78 cells following the proce 
dure of Luciw et al. (1984) Molec. & Cell Biol. 4:1260 
1269. The DNA was digested with restriction enzyme(s), 
electrophoresed in 1% agarose gels and blotted onto nitro 
cellulose following the procedure described by Southern, 
(1975), supra. Blots were hybridized with the P-labeled 
probe (10 cpm/blot) in a mixture containing 50% 
formamide, 3xSSC, 10 mM Hepes, pH 7.0, 100 ug/ml dena 
tured carrier DNA, 100 ug/ml yeast RNA and 1xDenhardt's 
for 36 hat 42°C. Filters were washed once at room tempera 
ture in 2xSSC and twice at 42°C. in 0.2xSSC, 0.1% SDS. 
Filters were air dried and exposed to X-Omat film using an 
intensifying screen. 
The homologous P-probe to ARV-2 hybridized specifi 

cally to two bands in the DNA from infected cells restricted 
with SacI. These bands were absent when DNA of non 
infected cells was used, indicating that the probe is hybridiz 
ing specifically to infected cells presumably to the provirus 
integrated in the chromosomal DNA. The molecular weight 
of the bands is approximately 5 kb and 3 kb. 

In order to determine if different enzymes would cut the 
proviral sequence, several other restriction digestions of the 
cell DNA were carried out using EcoRI, SphI or KpnI or 
double digestions using two of them. Southern results show 
specific bands hybridizing when DNA of infected cells is 
used. FIG. 1 shows a schematic map of the positions of 
restriction enzyme sites in the proviral sequence, and indi 
cates fragment sites. 
1.4. Cloning of Proviral HIV DNA 
High molecular weight cell DNA from infected HUT-78 

cells were prepared following the procedure of Luciw et al., 
supra. The DNA was digested with EcoRI, which cuts once 
in the provirus, centrifuged in a Sucrose gradient and frac 
tions corresponding to 8-15 kb were pooled, dialyzed and 
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concentrated by ethanol precipitation. The bacteriophage w 
derivative cloning vector, EMBL-4Karnet al. (1983) Meth 
ods Enzymol. 101:3-19 was digested to completion with a 
mixture of EcoRI, BamHI and SalI restriction enzymes and 
the DNA then deproteinized by phenol-chloroform 
extraction, precipitated with cold ethanol and resuspended in 
ligation buffer. The EMBL-4 phage DNA and EcoRI digest 
of cellular DNA were mixed and ligated and the resultant 
recombinant phage genomes packaged invitro. After phage 
infection of -sensitive E. coli (DP50supF), about 500,000 
phage plaques were transferred onto nitrocellulose filters, 
DNA was fixed and the filters were screened with a homolo 
gous P-probe prepared as described in Section 1.2. Eleven 
recombinant phage out of 500,000 phage annealed in the 
initial-double-lift screening method (Maniatis et al., Supra) 
to viral cDNA probe, and these were further plaque-purified 
and propagated in large liquid cultures for preparation of 
recombinant DNA. Plaque-purified phage containing ARV 
DNA were propagated in liquid culture in E. coli DP50supF: 
phage particles were harvested and banded in CsCl gradients 
and recombinant phage DNA was prepared by phenol 
extraction followed by ethanol precipitation (Maniatis et al., 
Supra). One microgram of purified phage DNA was digested 
with restriction enzymes, electrophoresed on 1% agarose 
gels, and visualized with ethidium bromide under ultraviolet 
light. The DNA from these gels was transferred to nitrocel 
lulose and annealed with viral cDNA probe. 

Described below is the analysis of the 11 recombinant 
phage DNA molecules utilizing restriction enzymes and 
viral clNA probe. Two examples were selected for detailed 
description: w-9B contained an insertion of full-length provi 
ral DNA along with flanking cell sequences, and W-7A har 
bored a full-length viral genome permuted with respect to 
the EcoRI site. Digestion of -9B DNA with SacI yielded 
viral DNA fragments of 3.8 kb and 5.7 kb (FIG. 2). EcoRI 
digestion of -9B produced virus containing DNA species at 
6.4 kb and 8.0 kb; a double digest of SacI and EcoRI gave 
viral DNA fragments at 3.8 kb and 5.4 kb (FIG. 2). This 
pattern is consistent with that of a provirus linked to cell 
DNA. The patterns of the digestion with KpnI and with a 
mixture of KpnI and EcoRI support this conclusion for 
W-9B. In particular, digestion of v-9B DNA with KpnI 
showed a 5.2 kb species that represents the internal fragment 
seen in proviral DNA (FIGS. 1 and 2). Bacteriophage WARV 
2(9B) was deposited at the ATCC on 25 Jan. 1985 and given 
Accession No. 40158. A second recombinant phage, u-10C, 
also contained a full-length proviral DNA insertion. 
When the DNA of W-7A phage was treated with SacI, two 

viral DNA fragments were observed at 3.8 kb and 6.6 kb 
(FIG. 3). EcoRI digestion of -7A DNA produced a 9.4 kb 
viral species, and a digestion with a mixture of EcoRI and 
SacI yielded two viral DNA fragments at 3.8 kb and 5.4 kb 
(FIG. 3). Thus, w-7A should represent a recombinant phage 
clone containing a full-length linear HIV genome that is 
permuted with respect to the EcoRI site. Analyses with KpnI 
support this model. After digestion with KpnI a DNA frag 
ment at 4.2 kb was observed as well as other DNA species. 
See FIG. 3. The data indicated that the 4.2 kb DNA fragment 
represents the circle junction and the others represent HIV 
DNA linked to cell DNA and bacteriophage vector DNA. 
The double digestion with KpnI and EcoRI left the 4.2 kb 
DNA intact and produced two fragments at 1.6 kb and 3.6 kb 
(FIG. 3); these three DNA species added up to 9.4 kb and 
constituted the HIV genome predicted from a permuted con 
figuration. 

In addition to the two types of recombinant phage con 
taining HIV DNA described above, phage was obtained that 
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(1) possessed the left half of the viral genome from the 
EcoRI site in viral DNA extending into flanking cell DNA 
WARV-2 (8A) and (2) phage that had the right half of the 
viral genome WARV-2(7D) from the EcoRI site in viral 
DNA extending into flanking cell DNA. The four types of 
recombinant phage DNA structures are predicted from the 
analysis of viral DNA observed in infected cells. Maps of 
restriction enzyme sites are shown in FIGS. 1-3. The data for 
these maps were compiled from studies of proviral DNA in 
infected cells, from characterization of recombinant phage 
DNA, and from preliminary DNA sequence information. 
Bacteriophages WARV-2(7D) (right) and WARV-2(8A) (left) 
were deposited at the ATCC on Oct. 26, 1984 and given 
Accession Nos. 4.0143 and 40144, respectively. 

To validate the cloned HIV DNA, a radioactive probe was 
prepared from two regions of the cloned HIV genome that 
represent about 70% of the genome and this probe was used 
to detect HIV DNA in restriction enzyme digests of DNA 
from infected cells. Whole-cell DNA was prepared from 
HUT-78 cell cultures infected with HIV-1 strains ARV-2, 
ARV-3 and ARV-4, and analyzed by digestion with restric 
tion enzymes as described in Section 1.3. A probe to cloned 
ARV-2 DNA was prepared as follows: DNA from recombi 
nant phage w-7A (FIG. 3) was digested with SacI or with a 
mixture of SacI and Kpnl and digestion products were elec 
trophoresed in 1% agarose gels (low-melting agarose); the 
3.8 kb DNA fragment from the digestion with SacI and the 
3.1kb DNA fragment from the digestion with SacI and KpnI 
(FIG. 3) were eluted, pooled, denatured by boiling in water 
for 2 min, and used as templates with random DNA primers 
(calf thymus) with reverse transcriptase. 
DNA from HUT-78 cells infected with ARV-2, ARV-3 or 

ARV-4 were digested with SacI, PstI or HindIII. Digested 
DNA was electrophoresed on 1% agarose gels, blotted onto 
nitrocellulose filters and annealed with probe to cloned 
ARV-2 DNA or to homologous cDNA probe prepared as 
described in Section 1.2. Results shows that SacI, Pst, and 
HindIII fragments detected by both probes are identical in 
all isolates. 
1.5. Polymorphism of HIV 
To measure the relatedness of independent HIV isolates, 

restriction enzyme digests of DNA from HUT-78 cells 
infected with ARV-3 and ARV-4 were analyzed with the 
probe made from cloned ARV-2 DNA. The SacI digest of 
ARV-3 DNA was similar to that of ARV-2 whereas the Hin 
dIII digests displayed different patterns. The SacI digest and 
the PstI digest of ARV-4 DNA differed from the correspond 
ing digests of ARV-2 DNA. The intensity of the annealing 
signals obtained with ARV-3 and ARV-4 samples was much 
lower (about 10-fold less) than that for ARV-2 DNA, prob 
ably as a result of the fact that fewer cells were infected in 
the ARV-3 and ARV-4 cultures. The viral-specific DNA frag 
ments produced by SacI treatment of ARV-3 and ARV-4 
DNA totaled 9.0-9.5 kbp, a value similar to that of ARV-2 
and in consonance with the RNA genome sizes. 
1.6. Sequencing of Proviral DNA 

Fragments or subfragments of ARV-2 DNA were prepared 
from the recombinant phages and cloned into M13 accord 
ing to conventional procedures (Maniatis et al., Supra). 
Sequencing was performed according to Sanger et al. 
(1977) Proc. Natl. Acad. Sci. USA 74:5463), using the uni 
versal M13 primer or chemically synthesized primers 
complementary to ARV-2 sequence. The sequence is shown 
in FIG. 4. Also indicated in this figure are the restriction sites 
present in the DNA and the open reading frames encoded by 
the sequence. 

The sequence of the HIV-1 DNA from phage 9B was 
sequenced in a similar manner. This sequence is shown in 
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FIG. 5. There are several differences between the sequences 
shown in FIGS. 4 and 5 which reflect the polymorphism in 
HIV and the fact that the sequence of FIG. 4 was derived as a 
composite from sequence data on several HIV isolates, 
whereas the sequence of FIG. 5 is from a single isolate. The 
main difference affecting polypeptide sequence is that the 
Small open reading frame between the gag and pol genes in 
FIG. 4 is not independent, but is part of the pol gene in FIG. 
5. This merger of these reading frames was the result of three 
base changes. The region of fusion and sequence change 
occurs roughly between nucleotides 2853 and 2941 in FIG. 
5. 

Furthermore, open reading frames in FIG. 4 were trans 
lated into amino acids beginning with the first methionine in 
the open reading frame, whereas in FIG. 5 translation into 
amino acids was begun immediately with the codon follow 
ing the stop codon. 
1.7. Amino Acid Sequences of Native HIV Proteins 
ARV-2 was prepared and purified as described in Section 

1.1. The viral proteins were electrophoresed on an acryla 
mide gel, and the band corersponding to a 24.000 dalton or 
16,000 dalton protein was excised from the gel and used for 
sequencing. Micro-sequence analysis was performed using 
Applied Biosystems model 470A protein sequencer similar 
to that described by Hewick et al. (1981) J. Biol. Chem. 
256: 7990-7997. Phenylthiohydantoin amino acids were 
identified by HPLC using a Beckman Ultrasphere ODS col 
umn and a trifluoroacetic acid-acetonitrile buffer system as 
reported by Hawke et al. (1982) Anal. Biochem. 120:308 
311. Table 1 shows the first 20 amino acids from the amino 
terminus determined for p25-gag protein and Table 2 shows 
the first 30 amino acids for p 16-gag protein. 

TABLE 1 

Amino-terminal sequence of p25gag 

Position Amino acid 

1 Pro 
2 Ile 
3 Wall 
4 Glin 
5 ASn 
6 Leu 
7 Glin 
8 Gly 
9 Glin 
10 Met 
11 Wall 
12 (His) 
13 Glin 
14 Ala 
15 Ile 
16 (Ser) 
17 Pro 
18 (Arg, Lys) 
19 Thr 
2O (Leu) 

TABLE 2 

Amino-terminal sequence of p16gag 

Position Amino acid 

1 (Met) 
2 Gln 
3 Arg 
4 Gly 
5 ASn 



US RE41,158 E 
21 

TABLE 2-continued 

Amino-terminal sequence of p16gag 

Position Amino acid 

6 Phe 
7 Arg 
8 ASn 
9 Gln 
10 Arg 
11 Lys 
12 Thr 
13 Wall 
14 Lys 
15 — (CyS) 
16 Phe 
17 ASn 
18 — (CyS) 
19 Gly 
2O Lys 
21 Glu 
22 Gly 
23 (His) 
24 Ile 
25 Ala 
26 (Lys) 
27 ASn 
28 (Gly) 
29 (Arg) 
30 (Ala, Leu) 

The amino acid sequence of Table 1 is predicted by nucle 
otides 1195 to 1255, and from Table 2 by nucleotides 1930 
to 2120, from the ARV-2 DNA sequence (indicated by bars 
in FIG. 4). Therefore, these results confirm that the indicated 
gag open reading frame is in fact being translated and iden 
tifies the N-termini of p25 and p16. 
2. Expression of HIV Polypeptides in Mammalian Cells 
2.1. Expression of env Peptide 

2.1.1. Mammalian Expression Vector pSV-7c 
Plasmid pSV-7c contains the SV40 early promoter, origin 

of replication and polyA processing signal, and was con 
structed as described below. 
A 400 bp BamHI-HindIII fragment containing the SV40 

origin of replication and early promoter was obtained by 
digestion of plasmid pSVgt1 (P. Berg, Stanford University, 
Palo Alto, Calif.) and purification through gel electrophore 
sis. A second 240 bp SV40 fragment containing SV40 polyA 
addition sites was obtained by digestion of pSV2/dhfr 
Subramani et al. (1981).J. Mol. Cell. Biol. 1:854-864 with 
BclI and BamHI, and gel purification. Both fragments were 
fused together through a linker which provided for a HindIII 
overhang in the 5'-end, a BclI overhang in the 3'-end, three 
general restriction sites and three Successive stop codons in 
all three reading frames. The sequence of the polylinker was 
the following: 

Stop Codons 
1. 2 3 

5'-AGCTAGATCTCCCGGGTCTAGATAAGTAAT-3 
TCTAGAGGGCCCAGATCTATTCATTACTAG 

HindIII BgllI SmaI Xbal BclI overhang 

The about 670 bp fragment, containing SV40 origin or 
replication, SV40 early promoter, polylinker with stop 
codons and SV40 polyadenylation site, was cloned into the 
BamHI site of pMLLusky & Botchan, (1984) Cell 36:391), 
a p3R322 derivative with an about 2.5 kbp deletion, to yield 
pSV-6. To eliminate the EcoRI and EcoRV sites present in 
pML sequences of pSV-6, this plasmid was digested with 
EcoRI and EcoRV, treated with Bal31 nuclease to remove 
about 200 bp per end, religated and cloned to yield pSV-7a. 
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The Bal31 resection also eliminated one BamHI restriction 
site flanking the SV40 region approximately 200 bp away 
from the EcoRV site. To further eliminate the other BamHI 
site flanking the SV40 region, pSV-7a was digested with 
NruI, which cuts in the SV40 sequence, and PvulI, which 
cuts in the pML sequence upstream from the origin of repli 
cation. The plasmid was recircularized by blunt end ligation 
and cloned to yield pSV-7b. To increase the number of clon 
ing sites of pSV-7b, a new polylinker was cloned into the 
plasmid to replace the previous one but the stop codons in 
the three frames were still retained. For this purpose, pSV-7b 
was digested with StuI and Xbal, and a linker of the follow 
ing sequence was ligated to the vector to yield pSV-7c. 

BglII EcoRI SmaI KpnI Xbal 
s' - AGATCTCGAATTCCCCGGGGGTACCT-3' 

TCTAGAGCTTAAGGGGCCCCCATGGAGATC 

2.1.2. Transformation of Cells with Env Sequences 
The HIV DNA coding for the env region was excised from 

a recombinant phage WARV-2(7D) 7D which contains the 
right half of the provirus by digestion with KpnI and EcoRI 
and gel purification of about 3300 bp fragment. This frag 
ment was cloned into plasmid pSV-7c as shown in FIG. 6. 
The recombinant vector (pSV7c/env) was used to transfer 
Cos cells Mellon et al. (1981) Cell 27:279 following the 
procedure of van der Eb & Graham (1980) Methods in 
Enzymology 65:826-839 as modified by Parker and Stark 
(1979) J. Virol. 31:360369), in 60 mm plastic dishes (5x10 
cells per dish). Thirty-six hours later the cells were trans 
ferred to glass microscope slides and cultured for another 24 
h (5x10" cells per chamber in a 4-chamber Titer-tek slide). 
The cell sheet was rinsed in PBS and fixed by dipping in cold 
acetone for 5 sec. 

2.1.3. Detecting Expression Via Immunoflorescence 
The fixed-cell monolayers in each chamber were incu 

bated with AIDS patient sera (Reference serum EW511 
obtained from Dr. Paul Feorino, Center for Disease Control) 
and with control normal human sera. Both sera were diluted 
1/100 in PBS and 50 microliters were applied per chamber, 
incubated for 1 hr at 37° C., and rinsed by dipping in PBS. 
Fluoresceinated goat anti-human antisera (Cappel Labs) was 
diluted 1/100 in PBS and 50 microliters were applied to each 
chamber and incubated for 30 min at 37°C. After washing in 
PBS, 75% glycerol in PBS was added to the cell sheets, a 
coverslip was placed on top, and the cells were observed in a 
fluorescence microscope. About five cells in 100 showed 
bright immunofluorescence with the AIDS sera. No cells 
stained with control normal human sera. Cells transfected 
with a control plasmid containing only SV40 vector 
sequences did not show any immunofluorescence with any 
antisera. Thus, the EcoRI-KpnI ARV-2 DNA fragment 
encodes a gene that can be expressed in mammalian cells 
and the expression product detected specifically by AIDS 
patient Sera. 
2.2. Expression of qp160env 

2.2.1. Mammalian Expression Vector pSV7d 
pSV7c and pSV7d represent successive polylinker 

replacements. The polylinker in pSV7c was digested with 
BglII and Xbal, and then ligated with the following linker to 
yield pSV7d: 

BglII EcoRI SmaI Xbal BamHI Sal 
s' - GATCTCGAATTCCCCGGGTCTAGAGGATCCGTCGAC 

AGCTTAAGGGGCCCAGATCTCCTAGGCACGTGGATC 

2.2.2. Expression of tRA/qp160 
In order to achieve optimal secretion of gp160 from mam 

malian tissue culture cells, the 5' end of the coding sequence 
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was modified to accept a heterologous signal sequence 
known to direct efficient secretion of both the homologous 
gene (human tissue plasminogen activator) and deletion 
variants of this gene. Van Zonnefeld et al. (1986) Proc. Natl. 
Acad. Sci. USA 83:4670. 
A portion of the HIV env gene was excised with SacI and 

StuI (positions 5555 and 6395) and was subcloned into the 
vector M13mp 19 Yanisch-Perron et al. (1985) Gene 
33:103-109 between SacI and SmaI. Oligonucleotide 
directed mutagenesis Zoller et al. (1983) Methods in Enzy 
mology 100:468-500 was used to create an Nhe site at the 
junction of the natural signal peptide and the mature enve 
lope polypeptide using the following oligonucleotide. 
5'-GATGATCTGTTCAGCTAGCGAAAAATTGTGG-3' 
This mutagenesis changes cytosine-5867 to guanine and 

adenine-5868 to cytosine, thereby creating an Nhe site and 
altering the codon for threonine-30 to code for serine. 

In parallel, the tRA gene was likewise mutagenized in 
M13 to place an Nhe site near the carboxyl end of the tRA 
signal peptide. The following sequences show the 5' UT 
sequences and signal for wild type tRA leader and for the 
Nhe variant. 

Wild-type sequence of the tRA signal: 

5' untranslated sequences 
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From this M13 subclone, M13tpaS.Nheenv, the DNA 

fragment containing the heterologous signal and 5' untrans 
lated sequences fused to the 5' end of the env gene was 
excised using the Xbal site from the M13 polylinker and the 
unique Ndel site found at position 5954 in the envgene. This 
268 bp fragment was ligated with a 2506 bp NdeI-XhoI 
fragment, encoding the remainder of the enV gene, from 
Ndel at position 5954 through the stop codon at position 
8344, and 116-additional bases to the XhoI site at position 
8460 and at the same time with vector pSV7d cleaved with 
Xbal and SalI in order to generate a fully functional gp160 
gene in the proper orientation for expression from the SV40 
early promoter. This expression plasmid, called 
pSV7dARV160tpa, was used to transfect COS 7 cells as 
described by Sompayrac et al. (1981) Proc. Natl. Acad. Sci. 
USA 78:7575. Transfected cells were assayed for gp160 
expression by immunofluorescence as described in Section 
2.1.3 above. Approximately 5% of the cells showed bright 
fluorescence when exposed to the HIV infected human sera, 
and no cells stained with normal human serum. Positive sera 
employed were obtained from the Interstate Blood Bank. 

Permanent cell lines were obtained by transfection of 
CHO cells lacking dihydrofolate reductase (dhfr). CHO 

AGAGCTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAACCTCTGCGAGGAAAGGGAAGGA 

GCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAATCATGGATGCAATGAAGAGAGGGCTC 
MetAspAlaMetLysArgGlyLieu 

TGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTCGTTTCGCCCAGCCAGGAAATCCATGCC 
CysCysValleuLeuLeuCysGlyAlaValPheValSerProSerGlnGlulleHis Ala 

mature tRA 
CGATTCAGAAGAGGAGCCAGA TCTTACCAAGTG 
ArgPheArgArgGlyAlaArg SerTyrolinVal 

The Nhe variant of the tRA signal: 

5' untranslated sequences 

dhfr cells Urlaub et al. (1980) Proc. Natl. Acad. Sci. USA 

AGAGCTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAACCTCTGCGAGGAAAGGGAAGGA 

GCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAATCATGGATGCAATGAAGAGAGGGCTC 
MetAspAlaMetLysArgGlyLieu 

TGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTCGTTTCGCCCAGCGCTAGC 
Cys CysValleuLieuLieuCysGlyAlaValPheval SerProSerAlaser 

Following mutagenesis and sequence verification, a 174 
bp fragment containing 99 bp of 5' untranslated sequence 
and the signal sequence from tha was excised from the tRA 
containing M13 clone using Sal and NheI and fused to the 
559 bp fragment containing the 5' end of the env gene which 
was excised from the env-containing M13 clone with NheI 
and HindIII (contributed by the M13 polylinker) and these 
fragments were subcloned into M13 mp 18 between SalI and 
HindIII. This plasmid is called M13tpaS.NheenV. 
The DNA and amino acid sequences of the tRA signal 

fused to the 5' end of gp160 is: 

... tPA signal . . . 5869 

Nhe 

50 

55 

(amino acid 31 of env) 
Phe Val Ser Pro Ser Ala Ser Glu Lys Leu Trp Val Thr Val 
TTC GTT TCG CCC AGC GCT AGC GAA AAA TTG TGG GTC ACA GTT 

77:4216) were plated at a density of 5x10 to 10° cells per 10 
cm dish the day prior to transfection in nutrient medium 
(F12 supplemented with 1.18 mg/ml NaCOs, 292 ug/ml 
glutamine, 110 ug/ml sodium pyruvate, 100 U/ml penicillin, 
100 U/ml streptomycin, 150 ug/ml proline and 10% fetal 
calf serum). Cells were transfected using the calcium phos 
phate coprecipitation method described by Graham et al. 
(1973) Virology 52:456-467 with the gp160 expression 
plasmid, pSV7dARV160tpa; a plasmid bearing as a select 
able marker, a dhfr gene driven by the adenovirus major late 
promoter, pAD-dhfr; and a plasmid bearing the human tissue 
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plasminogen activator gene driven by the SV40 early 
promoter, pSV7tpa3, to serve as an easily screened gene 
marker. Plasmid pSV7tpa3 is a mammalian cell expression 
vector containing the full length tpa cDNA (with 99 bp 5' 
untranslated sequences) cloned into the SalI site of pSV7d. 
with the orientation Such that the proper reading frame is 
transcribed from the SV40 early promoter. 

Samples were added to the dishes of cells fed with fresh 
medium and allowed to settle for 6 h in an incubator (5% 
CO, 95% air) at 37° C. Six hours later, the supernatants 
were aspirated, the cells rinsed gently with calcium and 
magnesium-free phosphate buffered saline (PBS-CMF), and 
the dishes exposed to 15% glycerol in HEPES-buffered 
saline as an adjuvant for 3.5 to 4 min. After rinsing, the 
medium on the cells was replaced with fresh F12 as 
described. Forty-eight hours after the addition of DNA to the 
cells, the cells were trypsinized and split 1:20 into selective 
medium, Dulbecco's Modified Eagle Medium (DMEM) 
Supplemented with 4.5 mg/ml glucose, 3.7 mg/ml Na2CO, 
292 ug/ml glutamine, 110 ug/ml sodium pyruvate, 100 U/ml 
penicillin, 100 U/ml streptomycin, 150 ug/ml proline, and 
10% dialyzed fetal calf serum. After growth in selective 
medium for 1-2 weeks, colonies appeared. These colonies 
were assayed for production of tRA by the casein 
plasminogen-agar overlay assay. Granelli-Piperno et al. 
(1978) J. Exp. Med. 148:223-234. Individual clones were 
transferred to microwell plates and expanded to 175 flasks. 
Twenty-four cell lines that were the highest tRA producers 
were screened by immunofluorescence for gp160 expression 
as described for COS cells above and in Section 2.1.3. Of 
these, seven lines fluoresced brightly when reacted with 
HIV-positive serum. These seven gp160-positive lines were 
pooled by mixing equal numbers of each cell line and plating 
in 10 cm dishes at a cell density of 1x10 cells per dish. 
Replicate dishes were fed with DMEM supplemented as 
described above with the addition of varying amounts of 
methotrexate (amethopterin, Sigma): 0.01, 0.02, 0.05, 0.1 
and 0.2 micromolar. After growth in the amplification 
medium containing methotrexate for 2 to 3 weeks, colonies 
appeared on the 0.1 and 0.2 micromolar methotrexate dishes. 
These colonies were transferred to microwell plates and 
expanded to T75 flasks. 

Clones were screened and scored for increased tA pro 
duction. Lysates of the cells were prepared in order to exam 
ine any gp160 expressed and found in the cell membranes, as 
is found in HIV infected human lymphocytic lines. Lysates 
were prepared from cell monolayers by rinsing in cold PBS 
CMF and adding lysis buffer consisting of 100 mM NaCl, 20 
mM Tris pH 7.5, 1 mM EDTA, 0.5% NP40, 0.5% sodium 
deoxycholate, 1% BSA, 1 ug/ml pepstatin, 1 mM PMSF, and 
17 ug/ml aprotinin. Lysates were collected, incubated on ice 
for 10 min with occasional vortexing, spun 5 min at 14000xg 
in a microcentrifuge, and Supernatants transferred to new 
tubes for storage at -70°C. These samples were assayed by 
an ELISA specific for envH derived from yeast (see Sections 
4.1.2 and 4.1.5). 

Immunoblot analysis was done by standard Western trans 
fer of proteins from 8% denaturing gels Laemmli (1970) 
Nature 227:680-685) and analysis with human immune sera 
or mouse monoclonal antibodies raised against yeast 
expressed envH and env-2 (see Sections 4.1.2 and 4.1.5). 
The blocking solution is 0.3% Tween-20, 2% normal goat 
serum in phosphate buffered Saline, and all incubations and 
washes were done in this solution. The human imune sera 
(Interstate Blood Bank) were diluted 1:100, and Tago goat 
anti-human horse radish peroxidase (HRP) conjugate was 
diluted 1:250. Development was with 4-chloro-1-napthol 
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(BioRad). Mouse monoclonal antibody 98B3 Stephans et 
al., in Viruses and Human Cancer, pp. 29-41 (R. C. Gallo et 
al., eds., 1987) was used undiluted as ascites fluid or diluted 
to 50 ug/ml from a stock of ammonium sulfate purified 1 g. 
Goat anti-mouse HRP conjugate (Tago) was diluted 1:200. 
ELISA analysis was done using the cellular lysates. Plates 

were coated with mouse monoclonal IgM antibody 95C9 
Stephens et al., Supra at a concentration of 250 ng per 100 
microliters per well in PBS. After 2 hat 37° C. or overnight 
at 4° C., the plates were washed 6 times in wash buffer 
(0.137 MNaCl, 0.05% Triton X-100) and the samples added 
to the wells in casein diluent (100 mM sodium phosphate, 
0.1% casein, 1 mM EDTA, 1% Triton X-100, 0.5 M NaCl, 
0.01% thimerosol pH7.5), and plates were incubated over 
night at 4° C. and 4 h at 37. Samples were aspirated, then 
plates were washed 6 times as above. Rabbit anti-env-2 
polyclonal serum Barr et al. (1987) Vaccine 5:90-101) is 
diluted 1:100 in the diluent above and added to the plates 
(100 microliters per well). Plates were incubated for 1 h at 
37° C., and then aspirated and washed as described above. 
Goat anti-rabbit HRP conjugate (Tago) was diluted 1:1000 
in the diluent buffer, and 100 microliters were added to each 
well. Plates were incubated 1 h at 37. Samples were aspi 
rated and the plates were washed as described above. Plates 
were developed with ABTS color reagent and HO for 30 
min at 37. ABTS was dissolved in citrate buffer and 100 
microliters per well were added to the plate. The reaction 
was stopped by adding 50 ul per well 10% SDS, and the 
plates were read at 415 nm, 600 nm reference beam. Env-2 
was used as a standard using serial 2-fold dilutions starting 
with 100 ng/ml to 11 places. 

Six CHO clones positive by the ELISA assay were ampli 
fied in a pool in methotrexate as described above, except that 
after isolation of colonies from the first round of 
amplification, cells were again pooled and set up for a con 
secutive round of amplification. 

For the first round, methotrexate levels were 0.25, 0.5, 
0.75, 1.0, 1.25, and 1.75 micromolar. Colonies from the 0.5 
and 0.75 micromolar dishes were pooled and set up in 0.75, 
1.0, 2.0, 3.0, 4.0, and 5 micromolar. Clones were isolated 
from 3, 4, and 5 micromolar levels, expanded and assayed 
for gp160 production by the ELISA. Increases in expression 
were observed for these clones as compared to the clones 
grown in 0.1 and 0.2 micromolar methotrexate, and this 
expression level represents an improvement over the levels 
of gp160 in HIV-infected HUT cells. 
2.3 Expression of qp120env 

2.3.1. Expression of Engineered gp120 in pS7Vd 
In order to express a secreted form of the envelope 

polypeptide in mammalian cells, the env gene was modified 
by invitro mutagenesis to eliminate any potential transmem 
brane domains and to provide a stop codon following the 
processing site between the gp120 and gp41 domains of the 
gp160 protein. This mutagenesis was accomplished by Sub 
cloning the fragment which encodes the envgene from clone 
pSV7c/env (Section 2.1.2.) by excising with HindIII and 
XhoI (positions 5582 to 8460) and inserting the 2.8 kb frag 
ment into M13 mp 19 previously digested with HindIII and 
SalI. A 37 bp oligonucleotide of the following sequence was 
used to alter the sequence at the gp120/gp41 processing site 
at position 7306 to encode 2 stop codons and two restriction 
endonuclease sites. 

5'- GAA CATAG CTGT CGACAAG CTTCAT 
CATCTTTTTTCT-3' 
The sequence of the wild-type gene and the mutant are 

shown below: 
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73.18 

7317 

27 

Wildtypesequence: 
Processing site 

Position: 7288 7294 73 OO 
Amino acid: Val Glin Arg Glu Lys Arg Ala Val Gly Ile Val 
DNA: GTG CAG AGA GAA. AAA AGA, UCA. GTG. GGA, ATA GTA 

gp12 Omutant : 
Position: 7288 7294 73 OO 73 O6 
Amino acid: Val Glin Arg Glu Lys Arg OP OP 
DNA: GTG CAG ACA GAA. AAA AGA TGA TGA, AGC TTG TCG AC 
Restriction site: 

Following mutagenesis, the gene was engineered for opti 
mal secretion into the medium utilizing the same procedure 
that was used for gp160. The 268 bp Xbal-Ndel fragment 
containing the heterologous 5' untranslated sequences and 
signal sequences from human tA fused to the 5' end of env 
was excised from the M13 clone M13tpaS.Nhe Ienv 
described in Section 2.2.2. This fragment was ligated with a 
1363 bp Ndel-SalI fragment encoding the remainder of the 
gp120 coding region which was isolated from the gp120 
mutant (positions 5954 and 7317) described above, and both 
fragments were inserted into the vector pSV7d previously 
digested with Xbal and SalI. 

This plasmid, pSV7dARV120tpa, has a gene encoding 
gp120 that ends precisely at the processing site between 
gp120 and gp41, Arginine-509, expressed from the SV40 
early promoter. Plasmid pSV7dARV120 was used to trans 
fect COS7 cells as described in Section 2.2.2. Transfected 
cells were assayed for expression and secretion of gp120 
into the culture medium by immunoblot analysis of condi 
tioned cell medium from the transfected cells. Immunoblot 
analysis was done using both HIV-positive human serum and 
mouse monoclonal antibodies described in Section 2.2.2. 
Using both antibody sources, the gp120 transfected cells 
secreted into the medium a polypeptide of the size of gp120 
that reacted with these immunological reagents, while mock 
transfected or pSV7dARV160tpa transfected COS cell 
Supernatants showed no Such polypeptide. These results are 
consistent with the production of authentic gp120 in COS 
cells. 

2.3.2. Expression of qp120env Using CMV IE-1 Promoter 
In an effort to improve the expression of gp120 in COS 

and other mammalian cell types, the gp120 coding region 
was excised from pSV7dARV120tpausing SalI and inserted 
into the unique SalI site of the CMV IE-1 expression vector 
pCMV6a (described below) and screened for insertion in the 
proper orientation for expression from the CMV IE-1 pro 
moter. The resulting plasmid, pCMV6ARV120tpa, was used 
to transfect COS 7 cells as described in Sections 2.2.2. and 
2.3.1. The conditioned cell medium from the transfected 
cells was assayed by immunoblot and by ELISA, as 
described in Sections 2.2.2. and 2.3.1. The 
CMV6ARV120tpa-transfected cells expressed gp120 at lev 
els of 60-250 ng/ml and the pSV7ARV120tpa-transfected 
cells expressed less than 0.5 ng/ml. These results indicate a 
significant increase in expression of the gp120 polypeptide 
using the CMV expression plasmid relative to the SV40 
expression plasmid described in Section 2.3.1. 50 to 100 
fold in magnitude as measured by the ELISA. 

Plasmid pCMV6a is a mammalian cell expression vector 
which contains the transcriptional regulatory region from 
human cytomegalovirus immediate early region. HCMV 
IE1. The plasmid contains the SV40 polyadenylation region 
derived from pSV7d (Section 2.2.1.) as a 700 bp Pvul-SalI 
fragment; the SV40 origin of replication derived from 
pSVT2 Meyers et al. (1981) Cell 25:373-384; Rio et al. 
(1983) Cell 32:1227-1240 as a 1.4 kb Pvul-EcoRI (filled in 
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with Klenow fragment); and the HCMV IE1 promoter as a 
1.7 kbp SspI-SalI fragment derived from a subclone of the 
human cytomegalovirus (Towne strain). The HCMV IE1 
promoter region contains the region encoding the first exon 
(5' untranslated), the first intron and the start of the second 
exon (where the Sal site was created by invitro 
mutagenesis). The map of pCMV6a is shown in FIG. 29. 
2.4. Expression of gag Peptides 
The ARV-2 DNA coding for the gag region was excised 

from a recombinant phage (7A: FIG. 3) by digestion with 
KpnI and SacI and gel purification of a fragment of about 
3200 bp. This gag containing fragment was cloned into KpnI 
and SacI digested pSV-7c/env AES (described below) to 
yield pSV-7c/gag. The recombinant vector was used to trans 
fect CoS cells. Expression of gag protein was detected as 
previously described for the env protein (Section 2.1). About 
5 percent of the cells transfected with SV40 vector contain 
ing the ARV-2 gag fragment showed bright immunofluores 
cence when incubated with the AIDS sera and a second fluo 
resceinated goat anti-human antisera. Cells transfected with 
a control plasmid containing only SV40 vector sequences 
did not show any immunofluorescence with any antisera. 

Plasmid pSV-7c/envAES was constructed as follows: 
Plasmid pSV-7c/env (described in section 2.1.2) was 
digested with EcoRI and SacI. A linker of the following 
sequence, which regenerates both the EcoRI and SacI sites 
and provides for a BamHI site between them was ligated to 
the linearized vector. 

AATTCGGATCCGAGCT 
GCCGAGGC 

EcoRI. BamHI SacI 

This vector was digested with KpnI and SacI, the fragment 
corresponding to linearized plasmid was purified by gel 
electrophoresis and ligated to the 3200 bp KpnI-SacI frag 
ment containing the gag region. 
2.5 Expression of gag-env Fusion Protein 
A mammalian cell expression vector containing a fused 

sequence of nt 225 to nt 1650 encoding for a gag region and 
nt 5957 to nt 8582 for an env region (FIG.5) was constructed 
as follows. Plasmid pSV-7c/gag (described in Section 2.4) 
was digested with BglII. The overhangs were filled in with 
reverse transcriptase, and the resulting two fragments were 
subsequently digested with SacI. The 1390 SacI-BglII bp 
fragment coding for gag was purified by gel electrophoresis 
and cloned into pSV-7c/env (Section 2.1.2) prepared as fol 
lows. 

Vector pSV-7c/env was digested with Ndel which cuts 59 
codons downstream from the N-terminal ATG of env. Ends 
were filled in with reverse transcriptase and the linearized 
vector was digested with SacI. The SacI-Ndel vector frag 
ment was purified by gel electrophoresis and ligated to the 
gag fragment obtained as indicated above. The ligation mix 
ture was used to transform HB 101, and plasmid pSV-7c/ 
gagAenv was thus obtained. 
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Plasmid pSV-7c/gagAenv was used to transform Cos cells 
using the procedure described in Section 2.1.2 above. 
Expression was detected by immunofluorescence using an 
AIDS patient serum and following the procedure described 
previously (Section 2.1.3). About 5 cells in 100 showed 
bright immunofluorescence with the immune serum. No 
cells stained with control normal human serum. 
3. Expression of p25gag 
3.1. Expression of p25gag 

3.1.1. Host-Vector System 
The p25gag protein is synthesized by E. coli strain D1210 

transformed with plasmid pGAG25-10. Plasmid pGAG25 
10 is a p3R322 derivative which contains the sequence cod 
ing for p25gag under transcriptional control of a hybrid tac 
promoter De Boer et al. (1983) Proc. Natl. Acad. Sci. USA 
80:21-25 derived from sequences of the trp and the lac UV5 
promoters. Expression of p25gag is induced in bacterial 
transformants with isopropylthiogalactoside (IPTG). 

E. coli D1210, a lac-repressor overproducing strain, car 
ries the lacI and lacY alleles on the chromosome but oth 
erwise is identical to E. coli HB101 (FT lacI", lacO", lacz", 
lacY, gal, pro, leu, thi, end, hism, hsr, recA. rpsL) 
from which it was derived. 

3.1.2. Construction of pCAG25-10. 
Plasmid pGAG25-0.10 was constructed by cloning a 699 

bp DNA fragment coding for p25gag into plasmid ptac5, 
according to the scheme shown in FIG. 7. The vector ptac5 is 
a pBR322 derivative which contains the tac promoter, Shine 
Delgarno sequences, and a polylinker as a substitution of the 
original pBR322 sequences comprised between the EcoRI 
and PvuI restriction sites. 
The 699 bp DNA fragment codes for the complete p25gag 

protein (amino acid residues 136 to 365 as numbered in FIG. 
5), the only difference being that a methionine was added as 
the first amino acid in pGAG25-10 to allow for translational 
initiation. This change, as well as other changes in nucle 
otide sequence as indicated below, were achieved by using 
chemical synthesis of parts of the DNA fragment. The DNA 
fragment also includes two stop codons at the 3' end of the 
Sequence. 

FIG. 8 shows the nucleotide sequence cloned in pGAG25 
10 and the amino acid sequence derived from it. DNA 
sequences that are not underlined in the figure were derived 
directly from the WARV-2(9B) DNA. All other sequences 
were chemically synthesized or derived from vector ptac5. 
Changes were introduced in this DNA sequence, with 
respect to the original DNA, to create or delete restriction 
sites, to add a methionine prior to the isoleucine (second 
residue of p25) or to include stop codons after the last codon 
of p25gag. However, as previously indicated, all changes in 
the DNA sequence, except those in the first codon, do not 
alter the amino acid sequence of p25gag. 

3.1.3. Transformation and Expression of gag Peptide 
E. coli D1210 cells are made competent for transforma 

tion following a standard protocol Cohen et al. (1982) Proc. 
Natl. Acad. Sci. USA 69:2110). Transformation is per 
formed as indicated in the protocol with 25-50 ng of 
pGAG25-10. The transformation mix is plated on agar plates 
made in L-Broth containing 100 g/ml amplicillin. Plates are 
incubated for 12 h at 37° C. 

Single amplicillin resistant colonies are transferred into 1 
ml L-Broth containing 100 ug/ml amplicillin and grown at 
37° C. Expression of p25gag protein is induced by adding 10 
ul of 100 mM IPTG (Sigma) to a final concentration of 1 
mM followed by incubation at 37° C. for 2 h. 

Cells from 1 ml of induced cultures are pelleted and resus 
pended in 100 ul Laemmli sample buffer. After 3 cycles of 
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boiling and freezing, portions of resultant lysates are ana 
lyzed on standard denaturing acrylamide gels. Proteins are 
visualized by staining with Coomassie blue. 
The extent of expression is initially determined by appear 

ance of new protein bands for induced candidate samples 
compared with control. Proteins of molecular weights 
expected for the genes expressed comprised 2%-5% of total 
cell protein in the highest expressing recombinants as deter 
mined by visual inspection with reference to a standard pro 
tein of known amount. 

Authenticity of the expressed proteins is determined by 
standard Western transfer of proteins to nitrocellulose and 
analysis with appropriate human or rabbit immune sera or 
mouse monoclonal antibodies or by comparing ELISA 
assays of purified recombinant and natural proteins using 
human immune sera from AIDS patients (see Section 3.1.6). 

3.1.4. Fermentation Process 

3.1.4.1. Preparation of Master Seed Stock 
Transformant cells from a culture expressing high levels 

(3%) of p25gag are streaked onto an L-Broth plate contain 
ing 100 ug/ml amplicillin and the plate is incubated overnight 
at 37°C. A single colony is inoculated into 10 ml of L-Broth, 
100 g/ml amplicillin and grown overnight at 37°C. An ali 
quot is used to Verify plasmid structure by restriction map 
ping with SalI and PstI. A second aliquot is used to induce 
expression of p25gag and the rest of the culture is made 15% 
glycerol by adding 4 volume of 75% sterile glycerol. Glyc 
erol cell stocks are aliquoted in 1 ml and quickly frozen in 
liquid nitrogen or dry-ice ethanol bath. These master seed 
stocks are stored at -70° C. 

3.1.4.2. Fermenter Inoculum 
The master seed stock is scraped with a sterile applicator 

which is used to streak an L-Broth plate containing 100 
ug/ml amplicillin. Single colonies from this plate are used to 
inoculate 20-50 ml of L-Broth/amp, which is incubated at 
37° C. overnight. 
An aliquot of the overnight culture is used to inoculate 

larger volumes (1-6 liters) of L-Broth/amp. Cells are incu 
bated at 37° C. overnight and reach an O.D.so of approxi 
mately 5 prior to use as inoculum for the fermenter run. 

3.1.4.3. Fermentation and Harvest 
Fermenters (capacity: 16 liters) containing 101 of L-Broth 

and 1 ml of antifoam are inoculated with 100-500 ml from 
the inoculum culture. Cells are grown at 37° C. to an O.D. of 
about 1. Expression of p25gag is induced by addition of 100 
ml of an IPTG solution (100 mM) to yield a 1 mM final 
concentration in the fermenter. Cells are grown for 3 addi 
tional hours and Subsequently harvested using continuous 
flow centrifugation. At this step cells may be frozen and kept 
at -20° C. until purification of p25 gag proceeds. 
Alternatively, 2501 fermenters are inoculated with 1-51 from 
the inoculum culture. Growth, induction, and harvest are as 
indicated before. 

3.1.5. Purification of p25gag 
Frozen E. coli cells are thawed and suspended in 2.5 vol 

umes of lysis buffer (0.1 M sodium phosphate (NaPi), pH 
7.5, 1 mM EDTA, 0.1 M NaCl). Cells are broken in a non 
continuous system using a 300 ml glass unit of a Dyno-mill 
at 3000 rpm and 140 ml of acid-washed glass beads for 15 
min. The jacketed chamber is kept cool by a -20° C. ethyl 
ene glycol solution. Broken cells are centrifuged at 
27,000xg for 25 minutes to remove debris and glass beads. 
The supernatant is recovered and kept at 4°C. 
The cell extract is made 30% (NH4)2SO by slowly add 

ing the ammonium sulfate at 4°C. The extract is stirred for 
10 min after the final concentration is achieved, followed by 
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contrifugation at 27,000xg for 20 min. The pellet is resus 
pended in 1 M NaCl, 1 mM EDTA, 1% Triton X-100, and 
5% SDS, and then boiled for 5 min. 
The fraction obtained by selective precipitation is submit 

ted to gel filtration using a G50 Sephadex column equili 
brated in 0.03 M. NaPi, pH 6.8. Chromatography is devel 
oped in the same solution. Fractions are collected and 
absorbance at 280 nm is determined. Protein-containing 
fractions are pooled and characterized by protein gel 
electrophoresis, Western analysis, and ELISA. 

3.1.6. Characterization of Recombinant p25gag 
3.1.6.1. Protein Gel Electrophoresis 
SDS-polyacrylamide gel analysis (10%-20% gradient 

gels) of proteins from pGAG25-containing cells and control 
cells indicated that varying levels of a protein of a molecular 
weight of about 25,000 were specifically induced in cells 
containing p25gag expression plasmids after derepression of 
the tacI promoter with IPTG. Identity of the p25gag gene 
product was confirmed by both an enzyme-linked immun 
osorbent assay (ELISA; see Section 3.1.6.3) and Western 
immunoblot analysis (see Section 3.1.6.2) using both AIDS 
patient serum and a monoclonal antibody to viral p25gag. 

3.1.6.2. Western Analysis 
Samples were electrophoresed under denaturing condi 

tions on a 10%-20% polyacrylamide gradient gel. Samples 
were electroblotted onto nitrocellulose. The nitrocellulose 
paper was washed with a 1:250 dilution of AIDS patient 
reference serum (EW5111, obtained from P. Feorino; Cen 
ters for Disease Control, Atlanta, Ga.) and then with a 1:500 
dilution of HRP-conjugated goat antiserum to human immu 
noglobulin (Cappel, No. 3201-0081). Alternatively, the 
nitrocellulose was washed with undiluted culture superna 
tant from 76C, a murine monoclonal antibody to HIV-1 
p25gag, and then with a 1:500 dilution of HRP-conjugated 
goat anti-serum to mouse immunoglobulin (TAGO, No. 
6450). The substrate for immunoblots was HRP color devel 
opment reagent containing 4-chloro-1-naphthol. 
The p25gag protein reacted with both AIDS patient refer 

ence serum and with the monoclonal antibody, while it 
shows no reactivity with the non-immune serum. 

3.1.6.3. ELISA Comparison of Recombinant and Native 
p25gag 
The reactivity of sera with the purified p25 gag 

(recombinant and native) was assayed by coating wells of 
microtiter plates with 0.25 g/ml of purified antigen, adding 
dilutions of test sera, followed by a 1:1000 dilution of HRP 
conjugated goat antiserum to human immunoglobulin. 
Finally, the wells received substrate solution (150 g/ml 2,2'- 
azino-di-3-ethylbenzyl-thiazoline sulfonic acid), 0.001% 
H2O, 0.1 M citrate pH 4). The reaction was stopped after 
incubation for 30 min at 37° C. by the addition of 50 pul?well 
of 10% SDS. The absorbance was read on a Flow Titertech 
ELISA reader at 414 nm. Samples were assayed in duplicate 
beginning at a dilution of 1:100 and by serial 2-fold dilutions 
thereafter. 
As an example, a single sample of HIV antibody-positive 

serum and normal human serum were each titrated on both 
recombinant and native p25 gag. The antibody-positive 
serum reacted equally with viral and recombinant antigen. 
There was no reaction seen with serum from a normal indi 
vidual. 
The reactivity of purified recombinant p25gag to various 

sera was then compared to that of natural p25gag protein 
purified by preparative polyacrylamide gel electrophoresis 
in an ELISA assay. For comparisons, assays were also done 
using disrupted gradient purified virus (5ug/ml) as antigen. 
The table below summarizes the results of assays on 8 AIDS 
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sera that scored positive in the assay with disrupted virus and 
6 normal Sera that were negative in the disrupted virus assay. 

ELISA ASSAYTITER 

SERUM 
NUMBER Disrupted Virus Recomb. p.25 gag Viral p25 gag 

Group I: Sera Scoring As Positive in Virus ELISA 

1 51,200 3,125 3,125 
5 12,800 25 25 
6 12,800 625 625 
7 12,800 3,125 3,125 
8 25,600 15,625 15,625 
9 12,800 625 625 
13 800 125 125 
18 3,200 625 625 

Group II: Sera Scoring Negative in Virus ELISA 
15 — 

16 
19 
21 
26 
33 

Reported as the reciprocal of the serum dilution that gave a signal equiva 
lent to 50% of the maximum. 
Results were confirmed by immunofluorescence and immunoblotting as 
described previously. 
No detectable signal at a 1:25 serum dilution. 

These results show that p25gag purified from bacteria 
behaves identically to similarly purified p25gag from AIDS 
virus in an ELISA of the eight AIDS patient sera. The results 
of the ELISA show that there is a wide variation in the levels 
of anti-p25gag antibodies and suggests that antibodies to 
Some virus-encoded proteins may not be detected using con 
ventional virus-based assay systems. 
3.2. Expression of P16gag 
The sequence shown in FIG. 10 and coding for the p16.gag 

protein was chemically synthesized Warner et al. (1984) 
DNA 3:401 using yeast-preferred codons. The blunt-end to 
SalI fragment (381 bp) was cloned into PvulI-SalI digested 
and gel-isolated ptac5 (see Section 3.1). The resulting 
plasmid, pGAG16, was used to transform E. coli D1210 
cells, as in Section 3.1.3. Expression was induced with 
IPTG, and proteins were analyzed by polyacrylamide gel 
electrophoresis and Western analysis. A band of about 
16,000 daltons was induced by IPTG in the transformed 
cells. This protein showed reactivity in Western blots with 
immune sera from AIDS patients. No reactivity was 
observed with sera from normal individuals. 
3.3 Expression of Fusion Protein p41 gag 
A fusion protein of the p25gag and p16gag proteins of 

ARV-2, designated p41 gag, was synthesized in E. coli Strain 
D1210 transformed with plasmid pGAG41-10. pGAG41-10 
was constructed from plasmid pGAG25-10 (see Section 
3.1.2) as shown in FIG. 7 by inserting an SphI-HpaI frag 
ment from the ARV-2 genome containing the sequences 
from the C-terminal p16gag portion of the p53 gag precursor 
polyprotein and part of the p25gag protein between the SphI 
and BamHI sites of pCAG25-10. The coding strand of the 
DNA sequence cloned in pGAG41-10 is shown in FIG. 9. 
Transformation and induction of expression were effected 
by the procedures described above. The cells were treated 
and the p41 gag protein was visualized on Coomassie-stained 
gel as described above. The approximate molecular weight 
of the observed protein was 41,000 daltons. The protein 
reacted with AIDS Sera and monoclonal antibody to p25gag 
in Western and ELISA analyses carried out as above. 
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3.4. Expression of p31 pol 
3.4.1. Host-Vector System 
The C-terminal region of the polymerase gene (p31 pol) is 

synthesized by E. coli strain D1210 transformed with plas 
mid pTP31.2. Plasmid pTP31.2 is a pBR322 derivation 
which contains the sequence coding for p31 under transcrip 
tional control of the hybrid tac promoter (described in Sec 
tion 3.1). Expression of p31 is induced in bacterial transfor 
mants by IPTG. 

3.4.2. Construction of pTP31.2 
3.4.2.1. Construction of M13 Template 01100484 
A 4.87 kb DNA fragment was isolated from a KpnI digest 

of ARV-2 (9b) containing the 3' end of the pol gene, orf-1, 
env and the 5' end of orf2, that had been run on a 1% low 
melting point agarose (Sea-Pack) gel and extracted with phe 
nol at 65° C., precipitated with 100% ethanol and resus 
pended in TE. Eight ul of this material were further digested 
with SstI for 1 h at 37° C. in a final volume of 10 ul. After 
heat inactivation of the enzyme, 1.25 ul of this digest were 
ligated to 20 ng of M13 mp 19 previously cut with KpnI and 
SstI, in the presence of ATP and in a final volume of 20 ul. 
The reaction was allowed to proceed for 2 hat room tem 
perature. Five ul of this mixture were used to transform com 
petent E. coli JM101. Clear plaques were grown and single 
stranded DNA was prepared as described in Messing & 
Vieira, (1982) Gene 19:269-276. One of these plaques con 
taining the 1848 bp fragment was designated 01100484. 

3.4.2.2. In Vitro Mutagenesis of 01100484 
The DNA sequence in 01100484 was altered by site 

specific mutagenesis to generate a restriction site recognized 
by NcoI (CCATGG). An oligodeoxynucleotide that substi 
tutes the A for a C at position 3845 (FIG. 5) and changes a T 
for an A at position 3851 (FIG. 5) was synthesized using 
solid phase phosphoramidite chemistry. Both of these 
changes are silent in terms of the amino acid sequence, and 
the second one was introduced to decrease the stability of the 
heterologous molecules. The oligomer was named ARV-216 
and has the sequence: 5'-TTAAATCACTTGCCATGGCTC 
TCCAATTACTG and corresponds to the noncoding strand 
since the M13 derivative template 01100484 is single 
Stranded and contains the coding Strand. The 5' phosphory 
lated oligomer was annealed to the 01100484 M13 template 
at 55° C. in the presence of M13 sequencing primer, 50 mM 
Tris-HCl pH 8, 20 mM KC1, 7 mM MgCl, and 0.1 mM 
EDTA. The polymerization reaction was done in 100 ulcon 
taining 50 ng/ul DNA duplex, 150 uM dNTPs, 1 mM ATP, 
33 mM Tris-acetate pH 7.8, 66 mM potassium acetate, 10 
mM magnesium acetate, 5 mM DTT, 12.5 units of T4 
polymerase, 100 ug/ml T4 gene 32 protein and 5 units of T4 
DNA ligase. The reaction was incubated at 30°C. for 30 min 
and was stopped by the addition of EDTA and SDS (10 mM 
and 0.2% respectively, final concentration). 

Competent JM101 E. coli cells were transformed with 1, 
2, and 4 ul of a 1:10 dilution of the polymerization product 
and plated into YT plates. Plaques were lifted by adsorption 
to nitrocellulose filters and denatured in 0.2N NaOH, 1.5 M 
NaCl, followed by neutralization in 0.5 M Tris-HCl pH 7.3, 
3 MNaCl and equilibrated in 6xSSC. The filters were blot 
ted dry, baked at 80° C. for 2 h and preannealed at 37°C. in 
0.2% SDS, 10xDenhardt's, 6xSSC. After 1 h, 7.5 million 
CPM of labeled ARV-216 were added to the filters and incu 
bated for 2 additional hat 37°C. The filters were washed in 
6xSSC at 42°C. for 20 min, blot-dried and used to expose 
film at -70° C. for 1 h using an intensifying screen. Strong 
hybridizing plaques were grown and single-stranded DNA 
was prepared from them and used as templates for sequenc 
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ing. Sequencing showed that template 01021785 contains 
the Nicol site as well as the second substitution mentioned 
above. 
A second oligomer was synthesized to insert sites for SalI 

and EcoRI immediately after the termination codon of the 
pol gene (position 4647, FIG. 5). This oligomer was called 
ARV-248 and has the sequence: 5'-GGTGTTTTACTAAAG 
AATTCCGTCGACTAATCCTCATCC. Using the template 
01020785, site specific mutagenesis was carried out as 
described above except that the filter wash after the hybrid 
ization was done at 65° C. As above, 8 strong hybridizing 
plaques were grown and single-stranded DNA was 
sequenced. The sequence of template 0103 1985 shows that 
it contains the restriction sites for Nicol, Sal, and EcoRI as 
intended. 

3.4.2.3. Isolation of DNA Fragments Containing p31 
Replicative form (RF) of the 0103.1985 template was pre 

pared by growing 6 clear plaques, each in 1.5 ml of 2xYT at 
37° C. for 5 h. Double-Stranded DNA was obtained as 
described by Maniatis et al., Supra, pooled and resuspended 
in 100 ul final volume. Tenul of RF were digested with NcoI 
and EcoRI in a final volume of 20 ul. This fragment was used 
for direct p31 expression in bacteria. An additional 20 ul of 
RF were cut with Ncol and SalI in 40 ul. This fragment was 
used for p31 expression in yeast. The samples were run on a 
1% low melting point agarose (Sea-Pack) gel and the DNAS 
were visualized by fluorescence with ethidium bromide. The 
800 bp bands were cut and the DNAs were extracted from 
the gel as mentioned above and resuspended in 10 ul of TE. 
The fragments were called ARV248NRH2 and ARV248NL, 
respectively. 

3.4.2.4. Cloning of p31 into plot 7 
The vector plot #7 (3 g) Hallewell et al. (1985) Nucl. 

Acid Res. 13:2017-2034) was cut with NcoI and EcoRI in 40 
ul final Volume and the enzymes were heat-inactivated after 
3 h. Two ul of this digest were mixed with 2 ul of 
ARV248NR#2 and ligated in 20 ul in the presence of ATP 
and T4DNA ligase at 14° C. overnight, and 10 ul of this 
mixture were used to transform competent D1210 cells. 
Colonies resistant to 2 mM IPTG and 100 ug/ml amplicillin 
were selected and supercoiled DNA was extracted from each 
of them. The DNAs were then restricted with Nicol and 
EcoRI and analyzed by agarose gel electrophoresis. Clones 
with the appropriate 800 bp insert were selected for further 
use. They are designated pRSP248 numbers 3 and 4. 

3.4.2.5. Construction of pTP31 
The NcoI site introduced into 01100485 is 52 bp down 

stream from the putative start of p31. Three oligomers were 
synthesized as above that code for the first 17 amino acids of 
p31 and generate a cohesive NcoI end at the 3' end of the 
molecule. The 5' end of the molecule has been extended 
beyond the initiation codon to include a ribosome binding 
site. The oligomers that were synthesized have the 
Sequences: 

ARW-221 
CCCC C. C. 

AGGXAACAGAAAAATGATAGATAAGGCACAAGAA 
TTTT T 

ARW-222 
5 GAACATGAGAAATATCACAGTAATTGGAGAGC 

ARW-223 
3' CGTGTTCTTCTTGTACTCTTTATAGTGTCATTAACCTCTCGGTAC 

One hundred fifty picomoles each of dephosphorylated 
ARV-221, phosphorylated ARV-222 and ARV-223 were 
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ligated to 20 Mg of pRSP248 previously cut with NcoI, at 
14° C. for 18 h in a final volume of 62 ul. After phenol 
extraction and ethanol precipitation, the DNA was resus 
pended in 40 ul HO and incubated with 15 units of Klenow 
fragment in the presence of 0.5 mM dNTPs for 1 h at room 
temperature. The sample was phenol extracted, ethanol 
precipitated, resuspended in 40 ul H2O, and digested with 
EcoRI. The DNA was then run on a low melting point agar 
ose gel and the fragment of about 820 bp was extracted as 
described above and resuspended in a final volume of 20 ul 
of HO. After phosphorylating the ends, 5 Jul of the sample 
were incubated for 18 h at 14°C. with 150 ng of plot7 that 
had been cut with Pvu II and EcoRI and its end 
dephosphorylated, in the presence of T4 DNA ligase, ATP 
and in a final volume of 31 ul. Five ul of ligation product 
were used to transform RR1 AM15. Clones resistant to 100 
ug/ml of ampicillin were selected and super-coiled DNA 
was extracted from them. The DNAs were digested with 
NcoI and EcoRI and resolved on a 1% agarose gel. Colonies 
with the appropriate size insert were obtained and named 
pTP31. The p31 sequence contained in the insert is shown in 
FIG. 12. Underlined sequences were chemically synthe 
sized. Others were derived from DNA. 

3.4.3. Screening of Transformants 
Bacterial transformants containing either the vector alone, 

or the vector with the p31 DNA (pTP31.2) were grown in 
L-Broth with 0.02% amplicillin to an ODs of 0.5. Cultures 
were induced by the addition of IPTG to a final concentra 
tion of 2 mM and grown for 3 more hours. Bacteria from 1 
ml cultures were pelleted and resuspended in 200 ul of gel 
sample buffer. The cells were disrupted by three cycles of 
freezing and thawing, boiled, and the extracts loaded onto 
12.5% polyacrylamide-SDS minigels. Proteins were electro 
phoresed and transferred to nitrocellulose by electro 
blotting. The nitrocellulose filters were reacted with serum 
EW5111 (diluted 1:100; positive reference serum from the 
CDC that reacts strongly with viral p31), horse radish 
peroxidase-conjugated goat anti-human IgG and HRP Sub 
strate. A prominent band at -30,000 d and several lower 
molecular weight species were seen in gels of extracts from 
transformants with the p31 DNA, but not in extracts from 
bacteria transformed with the vector alone. 

3.4.4. Characterization of Recombinant Protein 
Lysozyme-NP40 extracts were prepared from bacteria 

transformed with pTP31.2 or vector alone. Five ml cultures 
were grown, the cells pelleted and resuspended in 1 ml of 50 
mM Tris-HCl pH 8, 0.5 mM EDTA, 1 mg/ml lysozyme and 
incubated at 0°C. for 15 min NaCl, MgCl, and NP40 were 
added to final concentrations of 0.4, 5 mM and 0.5% 
respectively, mixed and incubated with DNAse I (100 g/ml) 
at 0° C. for 30 min. When EW5111 serum (diluted 1:100) 
was preincubated with a 1:10 dilution of the cell extracts 
from bacteria transformed with pTP31.2, prior to reaction 
with a virus blot, the viral p31 band was completely 
eliminated, while reactivity with other viral proteins 
remained unaffected. In contrast, extracts from bacteria 
transformed with the vector alone did not absorb out the p31 
reactive antibodies. The viral p31 protein is thus the product 
of the C-terminal or endonuclease region of the pol gene of 
HIV-1. 
3.5. Expression of SOD-p31 Fusion Protein 

In order to generate a fused protein SOD-p31 that can be 
expressed in E. coli, 2 ul of the fragment ARV248NL were 
ligated to 100 ng of a NcoI-SalI digest of pSODCF2 
Steimer et al. (1986) J. Virol. 58:9-16), a plasmid that con 
tains the human SOD coding region under the regulation of 
the tacl promoter, in 20 ul final volume for 18 h at 14° C. 
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Competent D1210 cells were transformed with 5 ul of the 
ligation mix and colonies were selected on L-brothampicil 
lin plates. Colonies with the correct insert were called E. coli 
D1210 (pTSp31). The expression of the fusion protein was 
analyzed in the same manner as the direct expression of p31. 
The analysis showed production of large amounts of a pro 
tein of about 47 kd that is immunoreactive with EW5111 but 
not with normal human sera. Further characterization of the 
recombinant protein is described in Section 4.3.3.3. 
3.6. Expression of SOD-envišb Fusion Protein 

3.6.1. Host-Vector System 
A hybrid protein consisting of human Superoxide dismu 

tase (SOD) fused to a viral envelope (env-5b) protein is syn 
thesized by E. coli strain D1210 transformed with plasmid 
pSOD/envišb. Plasmid pSOD/envišb is a bacterial expression 
vector which contains the sequence coding for human SOD 
Hallewell et al. (1985) Nucl. Acid. Res. 13:2017 fused to 
the env-5b region of the viral env gene Sanchez-Pescador et 
al. (1985) Science 227:484 as well as pBR322 sequences 
including the amplicillin resistant (amp) gene. 

Expression of SOD/env-5b fusion protein is non 
constitutive and it is under transcriptional control of a hybrid 
tac promoter De Boer et al. (1983) Proc. Natl. Acad. Sci. 
USA 80:21-25 derived from sequences of the trp and the lac 
UV5 promoters. Expression of SOD/env-5b is induced in 
bacterial transformants with IPTG. 

E. coli D1210, a lac-repressor overproducing strain, car 
ries the lacI and lacY alleles on the chromosome but other 
wise is identical to E. coli HB101 (FT lacI", lacO", lacY, 
gal, pro, leu, thi, end, hsm, hsr, recA. rpsL) from 
which it was derived Sadler et al. (1980) Gene 8:279-300). 

3.6.2. Construction of pSOD/envišb 
Plasmid pSOD/envišb is a pBR322 derivative which con 

tains the sequences coding for env-5b Sanchez-Pescador et 
al. (1985) supra under transcriptional control of a hybrid tac 
promoter. De Boer et al. (1983) supra. 

Plasmid pSOD/envišb (FIG. 25) was constructed by clon 
ing a 322 base pairs synthetic DNA fragment coding for 
env-5b into plasmid pSODCF2 Steimer et al. (1986) J. 
Virol. 58:9-16), a vector containing the human SOD gene 
under the control of the tacI promoter. Plasmid pSODCF2 is 
derived from vector ptac5 Hallewell et al. (1985) Nucl. 
Acid. Res. 13:2017 a pBR322 derivative which contains the 
tac promoter, Shine Delgarno sequences and a polylinker as 
a Substitution of the original pBR322 sequences comprised 
between the EcoRI and PVuI restriction sites. 
The 322 base pairs synthetic DNA fragment codes for the 

env-5b fragment (amino acid residues 557 to 677 as num 
bered in FIG. 5) with an additional methionine to allow for 
translational initiation site. 
The synthetic gene was prepared by synthesizing oligo 

nucleotides varying in length between 34 and 48 bases, and 
purifying and kinasing them individually according to stan 
dard procedures. Warner et al. (1984) DNA 3:401. The solu 
tion was phenol extracted and ethanol precipitated. The pel 
let was redissolved in 30 ul of a buffer containing 20 mM 
Tris-HCl (pH 8.0), 10 mM MgCl, and 10 mM dithiothreitol, 
and heated to 90° C. After allowing to cool over 3 hours, the 
solution was made 3 mM in ATP brought up to a volume of 
45 ul, and 5 ul of T4 DNA ligase (4x10 U/ml Biolabs) 
added. The ligation was stopped after 10 minutes at 25°C. 
by phenol extraction and ethanol precipitation. The pellet 
was redissolved in 80 ul HO in 10 ul of 10x high salt 
restriction buffer and digested for 2 hours at 37°C. with 5ul 
each of NcoI and SalI (Biolabs). The full-length gene was 
then purified on a 7% native polyacrylamide gel, 
electroeluted, and cloned into NcoI/Sall-digested pBS-100. 
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The cloned env-5b gene was isolated as an NcoI/SalI frag 
ment from the resulting plasmid and cloned into NcoI/Sall 
digested pSODCF2 to give plasmid pSOD/envišb. The 
resulting bacterial expression vector was used to express the 
SOD/env-5b fusion protein in E. coli under the control of the 
tac-1 promoter. Hallewell et al. (1985) Nucleic Acids Res. 
13:2017. 

FIG. 15 shows the nucleotide sequence of the SOD/env 
5b insert cloned in pSOD/envišb and the amino acid 
sequences derived for it. Sequences coding for human SOD 
were derived from a human cDNA isolated as described in 
Hallewell et al. (1985), supra. Sequences coding for env-5b 
were chemically synthesized by the phosphoramidite 
method as originally described by Beaucage & Caruthers, 
(1981) Tetrahedron Lett. 22:1859. 

3.6.3. Expression of SOD/env-5b Fusion Protein E. coli 
D1210 cells were made competent for transformation fol 
lowing a standard procedure and transformed with pSOD/ 
envišb. The transformation mix was plated on agar plates 
made with L-broth containing 100 ug/ml amplicillin. Plates 
were incubated for 12 hours at 37° C. 

Single amplicillin resistant colonies were transferred into 
L-broth containing 100 ug/ml amplicillin and grown at 37°C. 
Expression of env-5b was induced by adding 100 mM IPTG 
to a final concentration of 1 mM followed by incubation at 
37° C. for 2 hours. 

Cells from induced cultures were pelleted and resus 
pended in Laemmli sample buffer. Laemmli (1970) Nature 
227:680. After 3 cycles of boiling and freezing, portions of 
resultant lysates were analyzed on standard denaturing acy 
lamide gels. Laemmli (1970), supra. Proteins were visual 
ized by staining with Coomassie blue. 
The extent of expression was initially determined by 

appearance of new protein bands for induced candidate 
samples compared with controls. Proteins of molecular 
weights expected for the cloned DNA were determined by 
visual inspection of the gel lanes with reference to a standard 
protein band of known amount. 

Authenticity of the expressed proteins was determined by 
standard western transfer of proteins to nitrocellulose and 
analysis with appropriate human or rabbit immune Sera or 
mouse monoclonal antibodies or by ELISA assays of soluble 
E. coli proteins using human immune sera from AIDS 
patients. 

3.6.4. Protein Purification 
Single colonies of D1210 (pSOD/envisb) were inoculated 

into 2 ml aliquots of L-broth containing 100 ug/ml amplicil 
lin and the cultures were grown overnight at 37° C. The 
culture was made 15% glycerol by adding/4 volume of 75% 
sterile glycerol. The glycerol cell stocks aliquoted and 
quickly frozen in liquid nitrogen. The aliquots were stored at 
-70° C. 
A frozen aliquot of the seed stock (200 ul) was thawed and 

used to inoculate 110 ml of L-broth with 0.01% amplicillin 
medium. The culture was grown to saturation at 37°C. with 
agitation. A 15 ml portion of the culture was added to each of 
six (6) flasks containing 1.5 L of L-broth with 0.01% ampi 
cillin medium. The cultures were grown at 37°C. with agita 
tion. During late log phase (after approximately 6 h.), env-5b 
expression was induced by addition of IPTG to a final con 
centration of 1 mM. Incubation was continued for an addi 
tional 2–4 h. at 37° C. 

After the cells had completed the growth period they were 
harvested by centrifugation and pooled. The packed cells 
were stored at either 4° C. or -20° C. The frozen (or 
refrigerated) cells were thawed and suspended in 2 volumes 
of cell lysis solution (1.0 mM PMSF, 0.18 mM EDTA, 230 
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mM tris-HCl, 0.425 mg/ml Lysozyme) on ice for 1 h. 
Approximately 1.5 volumes of DNA Digestion Solution (1.0 
mM PMSF, 30 units/ml DNAse I, 1.0 mM MgCl) was 
added and then the cell lysate was Sonicated at room tem 
perature for 30 minutes. The lysate was centrifuged at 113, 
000xg for 15 minutes. 
The Supernatant was discarded and the pellet was Sus 

pended in solubilization buffer (0.1% B-mercaptoethanol in 
7 M guanidine-HCl) and rocked for 3 h. at 2-8° C. The 
solution was subjected to ultracentrifugation at 25,500xg for 
4 h. at 2-8°C. The pellet was discarded, and the supernatant 
was diluted with 6 volumes of water, and then incubated at 
room temperature for 1-2 h. The diluted supernatant was 
centrifuged at 11,300xg for 30 minutes. Following 
centrifugation, the Supernatant was discarded and the pellet 
was resuspended in 10-15 volumes of elution and resuspen 
sion buffer (0.1% B-mercaptoethanol, 50 mM Tris-HCl in 
3.5 M guanidine-HCl, pH 7.4). The suspension was centri 
fuged at 2,000xg for 10 minutes at 2-8° C. to remove any 
insoluble material. 
The resolubilized fraction was chromatographed on a 

Sephacryl S-300 column and eluted with Elution and Resus 
pension Buffer. Fractions were collected and the absorbance 
was monitored at 280 nm. Fractions containing env-5b as 
determined by SDS-PAGE were pooled. The pooled frac 
tions were concentrated to /5 the original volume by ultrafil 
tration in an Amicon unit under N2 pressure. 
The concentrate was dialyzed (MW cutoff 2000) against 

50 to 100 volumes of urea-containing dialysis buffer (0.1% 
B-Mercaptoethanol, 50 mM Tris-HCl in 7.5 Murea, pH 7.4) 
for 16-24 h. at 2-8°C. The protein concentration of the dia 
lyzed env-5b was adjusted to 1.02.0 mg/ml (based on modi 
fied Lowry assay). 
3.7. Expression of B-gal-env Fusion Proteins. 

3.7.1. Host-Vector System 
A partial env protein is synthesized by E. coli D1210 

transformed with plasmid plI-3. Plasmid plI-3 (ATCC No. 
67549) is a bacterial expression vector which contains the 
sequence for 2/3 (carboxyl end) of the env protein fused to E. 
coli b-galactosidase DNA in the vector pNL291. Expression 
of the B-gal-env fusion protein is induced with IPTG. 

3.7.2. Construction of plI-3 
Plasmid plI-3 was constructed by cloning a 1855 bp 

BglII-XhoI fragment coding for 2/3 of the env protein. The 
fragment extends from nt 6604 to nt 8460 (FIG. 5) and codes 
for env amino acid residues from number 276 to the end of 
the env protein. 
To prepare the plasmid, the 1856 bp fragment was isolated 

by gel electrophoresis. The BglII-XhoI fragment was cloned 
into pNL291 which had been previously digested with 
BamHI and XhoI. Plasmid pNL291 is a derivative puR291 
Ruther et al. (1983) EMBO J. 2:1791-1794) in which a 
polylinker containing the additional restriction sites Nicol, 
Pvu and XhoI was substituted between the BamHI and Sall 
sites. Plasmid puR291 is an inducible E. coli expression 
vector which produces B-galactosidase C-terminal fusion 
proteins. 

3.7.3. Expression and Characterization of Fusion Protein 
E. coli D1210 cells were transformed with 25-50 ng of 

pII-3. The transformation mix was plated onto L-Broth agar 
plates containing 100 ug/ml amplicillin. Single amp' colo 
nies were grown in L-Broth/amp and expression of the 
fusion protein was induced by IPTG addition (1 mM) fol 
lowed by incubation. Cell extracts were prepared and ana 
lyzed by SDS gel electrophoresis and immunoassays using 
human immune sera or rabbit immune sera. 

Results of this analysis showed that a large molecular 
weight protein is induced with IPTG. Expression levels are 
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about 20 mg/l. This fusion protein reacted with human 
immune sera from AIDS patients in ELISA assays. 
4. Expression of HIV Polypeptides in Yeast 
4.1. Expression of envh Peptide 

4.1.1. Host-Vector System 
A partial env protein is synthesized by S. cerevisiae 2150 

2-3 transformed with plasmid poPC303. Plasmid poPC303 
is a yeast expression vector which contains the sequence 
coding for 2/3 of the env protein, envH, as well as pBR322 
sequences including the amp' gene and 2-micron sequences 
including the yeast leu 2-04 gene. Expression of envPH is 
under regulation of the yeast pyruvate kinase promoter and 
terminator sequences. Yeast strain S. cerevisiae 2150-2-3 has 
the following genotype: Mata, ade 1, leu 2-112, cir. This 
strain was obtained from Dr. Leland Hartwell, University of 
Washington. 

4.1.2. Construction of pDPC303 
Plasmid plPC303 contains an “expression cassette' 

(described below) for envH cloned into the BamHI site of 
vector pC1/1. Vector pC1/1 contains pBR322 and 2 micron 
sequences including the amp' and yeast leu 2-04 markers. It 
was derived from plDB219d Beggs (1978) Nature 275:104) 
by replacing the pMB9 region with pBR322 sequences. 

The “expression cassette' for envHconsists of the follow 
ing sequences fused together in this order (5' to 3'): yeast 
pyruvate kinase (PYK) promoter, envP coding region and 
PYK terminator. The PYK promoter and terminator regions 
were derived from the PYK gene isolated as described in 
Burke et al. (1983) J. Biol. Chem. 258:2193-2201. 
The envPH fragment cloned into the expression cassette 

was derived from ARV-2 DNA and comprises a 1395 bp 
fragment which codes for env amino acid residues 27 
through 491 coded by nt 5857 to nt 7242 (FIG. 5). In 
addition, there are 5 extra codons fused in reading frame in 
the 5' end, the first codon corresponding to a methionine, and 
4 extra codons fused in reading frame at the 3' end followed 
by a stop codon. The extra codons were incorporated to 
facilitate cloning procedures exclusively. 

FIG. 11 shows the coding strand of the nucleotide 
sequence cloned in plPC303 and the amino acid sequence 
derived from it. DNA sequences that are not underlined in 
the figure were derived directly from the ARV-29B DNA 
described above. All other sequences were either chemically 
synthesized, or derived from the PYK vector. 

4.1.3. Transformation and Expression 
Yeast cells S. cerevisiae 2150-2-3 (Mata, adel, 

leu-b 2-lb 04, cir) were transformed as described by Hin 
men et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929-1933, 
and plated onto leu selective plates. Single colonies were 
inoculated into leu selective media and grown to saturation. 
Cells were harvested and the env protein was purified and 
characterized as described below. 

4.1.4. Purification of envP Protein 

4.1.4.1. Cell Breakage 
Frozen S. cerevisiae 2150-2-3 (pDPC303) are thawed and 

Suspended in 1 Volume of lysis buffer (1 lug/ml pepstatin, 
0.001M PMSF, 0.001 M EDTA, 0.15 MNaCl, 0.05 M Tris 
HCl pH 8.0), and 1 volume of acid-washed glass beads are 
added. Cells are broken in a noncontinuous system using a 
300 ml glass unit of Dyno-mill at 3000 rpm for 10 min. The 
jacket is kept cool by a -20° C. ethylene glycol solution. 
Glass beads are decanted by letting the mixture set for 3 
minutes on ice. The cell extract is recovered and centrifuged 
at 18,000 rpm (39.200xg) for 35 min. The supernatant is 
discarded and the precipitate (pellet 1) is further treated as 
indicated below. 
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4.1.4.2. SDS Extraction of Insoluble Material 
Pellet 1 is resuspended in 4 volumes of Tris-HCl buffer 

(0.01 M Tris-HCl, pH 8.0, 0.01 M NaCl, 0.001 M PMSF, 1 
ug/ml pepstatin, 0.001 M EDTA, 0.1% SDS) and extracted 
for 2 h at 4°C. with agitation. The solution is centrifuged at 
6,300xg for 15 min. The insoluble fraction (pellet 2) is 
resuspended in 4 volumes (360 ml) of PBS (per liter: 0.2g 
KC1, 0.2 g KHPO, 8.0 g NaCl, 2.9 g Na HPO.12HO), 
0.1% SDS, 0.001 M EDTA, 0.001 M PMSF, 1 ug/ml 
pepstatin, and centrifuged at 6,300xg for 15 min. The pellet 
(pellet 3) is suspended in 4 volumes of PBS, 0.2% SDS, 
0.001 M EDTA, 0.001 M PMSF, 1 ug/ml pepstatin and is 
extracted for 12 h at 4°C. with agitation on a tube rocker. 
The solution is centrifuged at 6,300xg for 15-min. The 
soluble fraction is receovered for further purification as indi 
cated below. (The pellet can be reextracted by resuspending 
it in 4 volumes of 2.3% SDS, 5% f-mercaptoethanol, and 
boiling for 5 min. After boiling, the solution is centrifuged at 
6,300xg for 15 min. The soluble fraction is recovered for 
further purification. 

4.1.4.3. Selective Precipitation and Gel Filtration 
The soluble fraction is concentrated by precipitation with 

30% ammonium sulfate at 4°C. The pellet (pellet 4) is resus 
pended in 2.3% SDS, 5% f-mercaptoethanol, and chromato 
graphed on an ACA 34 (LKB Products) gel filtration col 
umn. The column is equilibrated with PBS, 0.1%. SDS, at 
room temperature. Chromatography is developed in the 
same solution with a flow rate of 0.3 ml/min. Five ml frac 
tions are collected, pooled and characterized by protein gel 
electrophoresis, Western analysis, and ELISA. If needed, 
pooled fractions are concentrated by vacuum dialysis on 
Spectrapor #2 (MW cutoff 12-14K). 

4.1.5. Characterization of Recombinant envH 
SDS polyacrylamide gel analysis (12% acrylamide gels) 

showed that a new 55,000 dalton protein was being synthe 
sized in yeast cells transformed with the env-containing vec 
tor. The 55,000 dalton protein is absent from cells trans 
formed with control plasmid (vector without env insert). The 
identity of env was confirmed by both ELISA (Section 
3.1.6.3.) and Western analysis using AIDS patient serum. In 
both assays the 55,000 dalton protein showed immunoreac 
tivity. No reactivity was obtained with serum from a normal 
individual. 
4.2. Expression of env Subregion Polypeptides 
The following example describes the expression of DNA 

coding regions defined as enV-1, enV-2, enV-3, env-4 and 
env-5b (see FIG. 13). Env-1 and env-4 approximate the N 
and C-terminal halves of gp120env, respectively. Env-2 and 
env-3 approximate the entire env polypeptide moieties of 
gp120 and gp41, respectively. Env-5b corresponds to the 
region of gp41 env thought to be external to the cell mem 
brane. 

4.2.1. Env-1 
4.2.1.1. GAP Promoter 
Proviral ARV-2 sequences were isolated from phage 

ARV-2 (7D) and subcloned into plasmid puC19. Yanisch et 
al. (1985) Gene 33:103-119. The plasmid containing the 
proviral sequences was named pUC19 ARV7D/7. To isolate 
the env-1 region, the plasmid was cut with FokI at cys27 of 
the env region (nt5857, FIG. 5) and with BglII at arg276 
(ntó604, FIG. 5). This provided a nucleotide segment with a 
coding capacity for 28 kD from the N-terminus of gp120 
without the 29 amino acid signal sequence of the enV gene 
product. A synthetic, NcoI/FokI adaptor, with the following 
sequence, was ligated to the enV-1 segment: 
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s' - CATGGCTATC 
CGATAGACAT-5 

A second adaptor, for BglII/SalI, was also ligated to the 
env-1 segment. This second adaptor had the following 
Sequence: 

5 - GATCTTGATAGG 
AACTATCCAGCT-5 

The first synthetic adaptor contains an in-frame initiation 
codon, and the second synthetic adaptor contains an 
in-frame stop codon. 
The env-1 segment modified with the synthetic adaptors 

was then ligated into pPGAP1 previously linearized with 
NcoI and SalI. Plasmid pPGAP1 has been previously 
described. EPO Pub. No. 164,556. It contains a yeast 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) pro 
moter and terminator sequences flanking Nicol and Sal clon 
ing sites. The ligation of the modified enV-1 segment into 
pPGAP1 produces plasmid pPGAP/FGenV which contains 
the env-1 sequence fused directly to the GAPDH promoter 
and terminator sequences. The expression cassette contain 
ing GAPCH promoter-env-1-GAPDH terminator was 
excised by digestion of pPGAP/FGenV with BamHI and gel 
purification of the fragment. The expression cassette was 
cloned into BamHI-digested pC1/1 (see Section 4.1.2) to 
yield pC1/1 FGenV. 

Plasmid pC1/1 FGenv was used to transform yeast strain 
AB110 (Mato, ura 3-52, leu 2-04 or both leu 2-3 and leu 
2-112, pep 4-3, his 4-580, cir; see EPO Pub. No. 620,662 & 
Section 4.5.2) as described previously. Hinnen et al. (1978) 
Proc. Natl. Acad. Sci. USA 75:1929. Yeast colonies trans 
formed with the expression plasmid were grown in Synthetic 
complete media lacking leucine at a concentration of 2% 
glucose. Large-scale cultures were grown in YEP medium 
with 2% glucose as described in Section 4.1.3. Lysates were 
prepared from yeast cultures as described previously, and 
were then separated into soluble and insoluble fractions by 
centrifugation, and analyzed by polyacrylamide gel 
electrophoresis, see Section 4.1.4. A heavily expressed pro 
tein corresponding to enV-1 was readily discernible in the 
insoluble fraction by Coomassie blue staining. This protein 
also migrated at a molecular weight of approximately 8 kD. 
as predicted from the DNA sequence. 

4.2.2. Env-2 
The env-2 polypeptide is similar to the previously 

described envH (Section 4.1.1) and corresponds to the viral 
gp120 glycoprotein. Env-2 differs from envH in the 5 amino 
terminal residues and is under the regulatory control of the 
GAPDH promoter as described for the expression of env-1. 
EnV-2 is a polypeptide having the amino acid sequence of 
gp120env residues 26510. 

4.2.2.1. Construction of p AB24-GAP-env2 
Plasmid pAB24-GAP-env2 (FIG. 28) contains an 

“expression cassette” for the env gene cloned into the 
BamHI site of the yeast shuttle vector pAB24 (below). 
Expression of the enV gene is under regulatory control of the 
GAPDH promoter and the PYK terminator. Construction of 
pAB24-GAP-env2 was accomplished by ligating (i) an 
approximately 952 bp BamHI-StuI fragment from plasmid 
pC1/1-FGenv (Section 4.2.1) which contains the GAPDH 
promoter and the envelope sequences coding for amino acids 
26-267, and (ii) an approximately 1474 bp StuI-BamHI frag 
ment from plasmid pPPC302 (which is similar to pIDPC303 
in Section 4.1.1. except that it extends 57 nucleotides in the 
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3' direction of the envelope coding region), which codes for 
env amino acids 267-510 and the PYK terminator, into plas 
mid pAB24 which had been previously digested with 
BamHI and treated with alkaline phosphatase. The direction 
of transcription in the “expression cassette' is in the opposite 
direction of the tetracycline gene of the pBR322 sequences. 

Plasmid pAB24 (FIG. 27) is a yeast shuttle vector which 
contains the complete 2L sequence Broach, in: Molecular 
Biology of the Yeast Saccharomyces, Vol. 1, p. 445, Cold 
Spring Harbor Press (1981) and pPR322 sequences. It also 
contains the yeast URA3 gene derived from plasmid YEp24 
Botstein et al. (1979) Gene 8:17) and the yeast LEU’ gene 
derived from plasmid pC1/1. EPO Pub. No. 116,201. Plasmid 
pAB24 was constructed by digesting YEp24 with EcoRI and 
religating the vector to remove the partial 2L sequences. The 
resulting plasmid, YEp24ARI, was linearized by digestion 
with ClaI and ligated with the complete 2L plasmid which 
had been linearized with ClaI. The resulting plasmid, 
pCBou, was then digested with Xbaland the 8605bp vector 
fragment was gel isolated. This isolated Xbal fragment was 
ligated with a 4460 bp Xbal fragment containing the LEU’d 
gene isolated from pC1/1; the orientation of the LEU’d gene 
is in the same direction as the URA3 gene. Insertion of the 
expression cassette was in the unique BamHI site of the 
pBR322 sequences, this interrupting the gene for bacterial 
resistance to tetracycline. 

4.2.2.2. Transformation and Expression 
Yeast cells S. cerevisiae 2150-2-3 Mata, adeb 1, 

leu-b 2-lb 04, cir) were transformed as described by Hin 
men et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929-1933) 
and plated onto leu-Selective plates. Single colonies were 
inoculated into leu-selective media and grown to saturation. 
The culture was further inoculated into YEP 2% glucose 
media. Cells were harvested and the env-2 protein was puri 
fied and characterized as described below. 

4.2.2.3. Purification of env-2 Protein 
Frozen S. cerevisiae 2150-2-3 (pAB24-GAP-env2) were 

thawed and suspended in 1 volume of lysis buffer (1 g/ml 
pepstatin, 0.001 M PMSE, 0.001 M EDTA, 0.15 M NaCl, 
0.05 M Tris-HCl pH 8.0), and 1 volume of acid-washed glass 
beads are added. Cells are broken in a non-continuous sys 
tem using a 300 ml glass unit of Dyno-mill at 3000 rpm for 
10-25 min. The jacket is kept cool by a -20° C. ethylene 
glycol solution. Class beads are decanted by letting the mix 
ture set for approximately 3 minutes on ice. The cell extract 
is recovered and centrifuged at 18,000 rpm (39.200xg) for 
35 min. The supernatant is discarded and the precipitate 
(pellet 1) is further treated as indicated below. 

Pellet 1 is resuspended in 4 volumes of Tris-HCl buffer 
(0.01 M Tris-HCl, pH 8.0, 0.01 M NaCl, 0.001 M PMSF, 1 
ug/ml pepstatin, 0.001 M EDTA, 0.1% SDS) and extracted 
for 2 h at 4°C. with agitation. The solution is centrifuged at 
6,300xg for 15 min. The insoluble fraction (pellet 2) is 
resuspended in 4 volumes of PBS (per liter: 0.2 g KC1, 0.2g 
KHPO, 8.0 g NaCl, 2.9 g NaHPO-12H2O), 0.1% SDS, 
0.001 M EDTA, 0.001 M PMSF, 1 g/ml pepstatin, and 
centrifuged at 6,300xg for 15 min. The pellet (pellet 3) is 
suspended in 4 volumes of PBS, 0.2% SDS, 0.001M EDTA, 
0.001 MPMSF, 1 ug/ml pepstatin and is extracted for 12+3 h 
at 4° C. with agitation on a tube rocker. The solution is 
centrifuged at 6,300xg for 15 min. The soluble fraction is 
recovered for further purification as indicated below. (The 
pellet can be reextracted by resuspending it in 4 volumes of 
2.3% SDS, 5% f-mercaptoethanol, and boiling for 5 min. 
After boiling, the solution is centrifuged at 6,300xg for 15 
min. The soluble fraction is recovered for further 
purification.) 
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The soluble fraction is concentrated by precipitation with 
30% ammonium sulfate at 4°C. The pellet (pellet 4) is resus 
pended in 2.3% SDS, 5% f-mercaptoethanol, and chromato 
graphed on an ACA 34 (LKB Products) gel filtration col 
umn. The column is equilibrated with PBS, 0.1% SDS, at 
room temperature. Chromatography is developed in the 
same solution with a flow rate of 0.3-0.1 ml/min. 5+2 ml 
fractions are collected, pooled and characterized by protein 
gel electrophoresis, Western analysis, and ELISA. If needed, 
pooled fractions are concentrated by vacuum dialysis on 
Spectrapor #2 (MW cutoff 12-14K), or by membrane filtra 
tion using an Amicon concentrator using a PM10 membrane. 
SDS polyacrylamide gel analysis (12% acrylamide gels) 

showed that a new 55,000 dalton protein was being synthe 
sized in yeast cells transformed with the env-containing vec 
tor. The 55,000 dalton protein is absent from cells trans 
formed with control plasmid (vector without env insert). The 
identity of env-2 was confirmed by both ELISA and Western 
analysis using AIDS patient serum. In both assays the 
55,000 dalton protein showed immunoreactivity. No reactiv 
ity was obtained with serum from a pool of normal individu 
als. 

4.2.2.4. Immunogenicity 
To determine the immunogenicity of polypeptides 

expressed in yeast, purified enV-2 (Section 4.2.2.3) was used 
to immunize rabbits. Rabbits received perilymphnodal injec 
tions of 250 lug of purified env-2 polypeptide in complete 
Freund's adjuvant. Twenty-one days later, the rabbits were 
boosted with intramuscular injections of 250 lug of env-2 
polypeptide in incomplete Freund's adjuvant. Ten days later 
the animals were bled and then set up on a schedule of 
boosting, bleeding 10 days later, and reboosting after 21 
days. Antibody titers to env-2 polypeptide for the rabbits 
were measured using ELISA. Antibodies from the rabbits 
reacted specifically with enV glycoproteins in virus (gp120) 
and in infected cells (gp160). Thus, the polypeptide moiety 
representing the N-terminal domain of the env region is 
immunogenic when expressed in a heterologous host spe 
C1GS. 

4.2.3. Env-3 
4.2.3.1. GAP-Promoter 
Env-3, the gp41 env equivalent (AA 529-855 of env), was 

prepared by cutting the env insert of plasmid 
pUC19 ARV7D/7 (Section 4.2.1.1) at the Hgal site (nt7401, 
FIG. 5) and at the XhoI site 3' to the env termination codon 
(nt8460, FIG. 5). The resulting env-3 segment was modified 
by the addition of synthetic adapters. The 5' end was modi 
fied by the addition of an NcoI/HgaI adapter which reintro 
duced the coding sequence to met529 (nt7817, FIG. 5). The 
linker had the following sequence: 

s" - CATGGGCGCCGTTTCTTTGACCTTGACC-3' 
3 - CCGCGGCAAAGAAACTGGAACTGGCATGT-5 

A second synthetic XhoI/SalI adapter molecule was pre 
pared and ligated to the XhoI end of env-3, the adapter hav 
ing the following sequence: 

5 TCGACCTCGAGG-3 
3- GGAGCTCCAGCT-5 

The Hgal/XhoI fragment was cloned together with the above 
linkers into NcoI/Sall-digested pPGAG/FGenV (Section 
4.2.1.1), and the resulting plasmid pPGAP/HXenv, was 
digested with BamHI. The BamHI expression cassette was 
cloned into pC1/1. The resulting expression vector pCl/ 
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1GAP/HXenv was expressed as described above after trans 
formation of yeast strain AB110 (Section 4.2.1). Extreme 
toxicity, as evidenced by slow growth of cells, was observed 
when this gene was expressed constitutively in yeast under 
control of the GAPDH promoter. 

4.2.3.2. ADH-2/GAPDH promoter 
In order to express env-3 under the control of the glucose 

regulable ADH-2/GAPDH (or ADH-2/GAP) promoter, the 
Nco-I/BamHI fragment containing the env-3 coding region 
and the GAPDH terminator was excised from pPGAP/HX 
env. This was cloned together with the ADH-2/GAPDH pro 
moter as a BamHI/Nco-I fragment (from plS103) into 
BamHI-digested and phosphatized pCl/1. The resulting 
expression vector, p C1/1 ADH-2/GAP/HXenv, was 
expressed as described below after transformation of yeast 
Strain AB110. 

Plasmid plS103, which contains the hybrid ADH-2/ 
GAPDH promoter employed above, was constructed as fol 
lows. The ADH-2 portion of the promoter was constructed 
by cutting a plasmid containing the wild-type ADH2 gene 
from plasmid paDR2 Beier et al. (1982) Nature 300:724 
728 with restriction enzyme EcoR5, which cuts at position 
+66 relative to the ATG start codon, as well as in two other 
sites in p ADR2, outside of the ADH2 region. The resulting 
mixture of a vector fragment and two smaller fragments was 
resected with Bal31 exonuclease to remove above 300 bp. 
Synthetic XhoI linkers were ligated onto the Bal31-treated 
DNA. The resulting DNA linker vector fragment (about 5 
kb) was separated from the linkers by column 
chromatography, cut with restriction enzyme XhoI. 
religated, and used to transform E. coli to amplicillin resis 
tance. The positions of the XhoI linker were determined by 
DNA sequencing. One plasmid which contained an XhoI 
linker within the 5' nontranscribed region of the ADH2 gene 
(position -232 from ATG) was cut with the restriction 
enzyme XhoI, treated with nuclease S1, and Subsequently 
treated with the restriction enzyme EcoRI to create a linear 
vector molecule having 1 blunt end at the site of the XhoI 
linker and an EcoRI end. The GAP portion of the promoter 
was constructed by cutting plasmid pPGAP with the 
enzymes BamHI and EcoRI, followed by the isolation of the 
0.4 Kbp DNA fragment. This purified fragment was then 
completely digested with the enzyme Alu and an approxi 
mately 200 bp fragment was isolated. This GAP promoter 
fragment was ligated to the ADH-2 fragment present on the 
linear vector described above to give plasmid pS103. 

S. cerevisiae AB110 was transformed with the ADH-2/ 
GAPDH constructions, and the cultures grown initially in 
synthetic complete media lacking leucine with 8% glucose. 
Env-3 was induced by diluting the culture 1:25 into YEP 
with 1% glucose and allowing growth at 30°C. for 24 hours. 
Normal cell growth was observed; however, complex 
expression products were observed. In an immunoblot assay 
with AIDS sera, the protein appeared as a multiplet of immu 
noreactive bands, including a major band at about 37 kD and 
five additional bands of increasing molecular weight. As 
demonstrated by treatment with endoglycosidase-H prior to 
gel and immunoblot analysis, these additional bands were 
due to glycosylation. Inspection of the gp41 DNA sequence 
shows five potential N-linked carbohydrate addition sites. 
Since env-3 encodes a polypeptide with a calculated molecu 
lar weight of 40.5 kD, the gel mobility of env-3 at around 37 
kD may indicate either aberrant electrophoresis properties, 
or C-terminal processing analogous to that proposed for 
infected T-cell-derived gp41. 

4.2.4 Env-4 
The env-4 region approximates the carboxy-terminal half 

of the gp120 glycoprotein from the envelope gene and corre 



US RE41,158 E 
45 

sponds to amino acids Glu-272 to Arg-509 (FIG. 5). Env-4 
also contains a methionine at the N-terminus which serves as 
an initiation codon for the yeast expression system. 

Expression of the env-4 protein was initially attempted as 
a direct expression product in yeast which failed to provide 
any detectable product. Successful expression of the env-4 
protein was achieved as an SOD fusion product in yeast. 

4.2.4.1. pBS24/SF2env4/GAP 
The 3' end of the env-4 coding sequence was modified by 

M13 mutagenesis to generate 2 stop codons in frame after 
Arg-509, and by adding restriction sites for HindIII and SalI. 
Plasmid pSV-7c/env (Section 2.1.2) was digested with Hin 
dIII and XhoI and an approximate 2830 bp fragment was gel 
isolated. The fragment was cloned into M13-mp 19 and 
single stranded template was generated M13 mutagenesis 
was performed using the following primer: 

5'- GAA CATAG CTGT CGACAAG CTTCAT 
CATCTTTTTTCT-3' 
A single plaque designated M13Fenv3-447 was isolated and 
confirmed by M13 sequencing to contain the inserted stop 
codons and new restriction sites for HindIII and Sal. M13 
replicative-form DNA was prepared for M13Fenv3-447 by 
standard methods, and an approximately 713 bp BglII 
(position 6604, FIG. 5) to SalI fragment was excised and gel 
purified. This fragment was ligated to the following Nco 
BglII linker, which codes for a methionine initiation codon 
and the first four amino acids of the env-4 protein: 

MetGluVal VallleArg 
5 - CATGGAGGTAGTAATTA-3' 

CTCCATCATTAATCTAG 

and then cloned into pPGAP1 EPO Pub. No. 164,556 
which was previously digested with NcoI and SalI and gel 
isolated. The approximate 1130 bp BamHI-SalI fragment 
containing the GAPDH promoter and the env-4 gene was 
excised and cloned into pBS24 (below), which was previ 
ously digested with BamHI and SalI and gel isolated, to give 
plasmid pBS24/SF2env4/GAP. 

Plasmid pBS24/SF2env4/GAP was transformed into S. 
cerevisiae strains 2150-2-3 and AB110 as described previ 
ously. Cultures from single colonies were grown and ana 
lyzed for expression by SDS polyacrylamide gel electro 
phoresis. No env-4 protein was detected by either 
Coomassie stained gels or western blot analysis. 

4.2.4.2. pBS24 
Plasmid pl3S24 is a derivative of pAB24 as described in 

Section 4.2.2.1. Plasmid paB24 was digested with BamHI 
and SalI (which cut within the tetracycline gene of the 
pBR322 sequences) and gel purified. The vector was then 
ligated with a synthetic adapter of the following sequence 
which created new unique BglII and BamHI sites: 

BglII BamHI 
s' - GATCAGATCTAAATTTCCCGGATCC-3' 

TCTAGATTTAAAGGGCCTAGGAGCT 

(BamHI) (Sall) 

The resulting vector, pAB24ABL was then digested with 
BamHI and BglII and gel purified. The linearized vector was 
ligated with the BamHI cassette excised and purified from 
pSOD/env-5b (Section 4.2.5) to give pBS24. The cassette 
contains the hybrid ADH-2/GAPDH promoter and C.-factor 
terminator with an Nicol-Sal insert of the SOD/env-5b 
fusion gene. The cassette is oriented in pBS24 such that the 
direction of transcription from the ADH-2/GAPDH pro 
moter is in the opposite direction to that of the inactivated 
tetracycline gene of the pBR322 sequences. 
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4.2.4.3, pFBS24/SOD-SF2env4 
Since there was no detectable expression of env-4 from 

the direct expression system, an SOD/env-4 fusion gene was 
constructed. Plasmid pl3S24/SF2env4/GAP was digested 
with NcoI and SalI and the approximate 713 bp env-4 gene 
was gel isolated. The env-4 gene was ligated into pSODCF-2 
(Section 3.5) which was previously digested with NcoI and 
SalI and gel purified, to give pCF2-SODenv4. Plasmid 
pSODCF is a bacterial expression vector which allows for 
the C-terminal fusions of heterologous genes with the 
human SOD gene and is under the control of the tacl pro 
moter. When plasmid pCF2-SODenv4 was transformed into 
E. coli strains D1210 and RR1 AM15 and analyzed for 
expression as described previously (Sections 3.4.4 and 3.6). 
no expression of SOD/env-4 fusion protein was detected. 
Plasmid pCF2-SODenv4 was digested with StuI and SalI to 
isolate the 3' half of the SOD gene fused with the env-4 gene. 
This fragment was ligated to pSI8 which had been previ 
ously digested with Stul and SalI and gel isolated to give 
plasmid pSI8-SODenv4. Plasmid pSI8 (Section 4.2.5) con 
tains the hybrid ADH-2/GAPDH promoter and the O.-factor 
terminator sequences flanking the SOD-insulin fusion gene. 
The resulting plasmid pSI8-SOD/env-4 was digested with 
BamHI and Salt to excise a fragment containing the ADH-2/ 
GAPDH promoter and SOD/env-4 fusion gene. This frag 
ment was gel isolated and cloned into pBS24 which had 
been previously digested with BamHI and SalI and gel iso 
lated to give pBS24/SOD-SF2env4 (FIG. 26). 

4.2.4.4. Transformation and Expression. 
The plasmid pPS24/SOD-SF2env4 was transformed into 

yeast cells S. cerevisiae 2150-2-3 and S. cerevisiae AB116 
(mata, leu 2, trp 1, ura 3-58, pro 1-1122 (prot. B), pep 4-3 
(prot. A), pre 1-407 (prot. C), cir') as described previously 
Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929 
1933 and plated onto Leu sorbitol plates. Strain AB 116 
was isolated by curing S. cerevisiae strain BJ2168 of its 2 
micron plasmid by standard methods. BJ2168 is available 
from the Yeast Genetic Stock Center, Department of Bio 
physics and Medical Physics, University of California, Ber 
keley 94720. 

Cultures were grown as follows: a loopfull of cells from 
the individual colonies were inoculated into 3 ml of Leu, 
8% glucose media and incubated in an air shaker at 30° C. 
for 16-18 h. The 3 ml culture was transferred to 40 ml of 
fresh Leu8% glucose media and incubated in an air shaker 
at 30° for 24 h. The 40 ml culture was transferred to 1 liter of 
YEP, 1% glucose media (or YEP, 2.5% Ethanol media for 
2150-2-3 cells) and incubated in an air shaker at 300 for an 
additional 48 h. The cells were harvested by centrifugation 
and stored at -20°C. 

Expression of the SOD/env-4 fusion protein was analyzed 
by both polyacrylamide gel electrophoresis and western 
blot. Cells are disrupted by glass beadlysis method in 0.1 M 
NaPo (pH 7.4), 0.1% Triton lysis buffer. After lysis the 
soluble and insoluble fractions are separated by centrifuga 
tion. The insoluble pellet is solubilized in Laemmligel load 
ing buffer and run on a 12.5% acyrlamide SDS gel. Laemmli 
(1970) Nature 227:680. A band migrating at approximately 
44 Kd molecular weight (expected size of SOD/env-4 fusion 
protein) was observed. This same band also reacted on a 
western blot with AIDS positive human sera but not with 
control sera. Expression levels of SOD/env-4 fusion protein 
were approximately equal for the two different strains. Pro 
tein purification was carried out essentially as described in 
Section 4.2.2.3, for env-2. 

4.2.5. ySOD/env-5b Fusion Protein 
The region of the envelope gene corresponding to amino 

acids alanine-557 through tryptophan-677 is termed env-5b 
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as described in Section 3.6 and is also expressed as a stable 
fusion protein with hSOD in yeast. A StuI-SalI fragment 
containing most of the SOD gene fused to the env-5b gene 
was removed from pSOD/env-5b (Section 3.6) and cloned 
into pSI8 which had been previously digested with StuI and 
SalI and gel isolated to give pSI8/SOD-envisb. Plasmid pSI8 
(described below) contains the ADH-2/GAPDH hybrid pro 
moter and C-factor terminator sequences flanking the SOD 
insulin fusion gene. The resulting plasmid, designated pSI8/ 
SOD-envišb, was digested with BamHI and the fragment 
containing the promoter-ySODenv-5b fusion-terminator was 
isolated and cloned into the BamHI cut and phosphatased 
pAB24 to give pYSOD/env-5b, which was used to transform 
the yeast strain 2150, as described above. Expression of the 
ySOD/env-5b fusion protein was induced by diluting a 
starter culture into YEP containing 1% ethanol. 

Lysates were isolated and prepared as described above. A 
heavily expressed protein corresponding to the SOD/env-5 
fusion was readily discerned in the insoluble fraction by 
Coomassie blue staining. This protein migrated at a molecu 
lar weight of approximately 30.6 kD, as predicted from its 
DNA sequence. This fusion protein was also Subsequently 
shown to have a high proportion of reactivity to AIDS 
patients sera. 

Plasmid pSI8 is a derivative pYASI 1, the latter being 
described in commonly owned U.S. patent application Serial 
No. 845,737, filed on 28 Mar. 1986 by Cousens et al. and 
EPO Pub. No. 196,056, the disclosures of which are 
expressly incorporated herein by reference. Essentially, pSI8 
contains: The hybrid ADH-2/GAPDH promoter (as a 1.3 kb 
Bam-Nico fragment) derived from plasmid plS104 
(described below); an SOD-insulin fusion gene (as a 736 by 
Nco-Sal fragment) derived from a derivative of pYSI1 (U.S. 
Ser. No. 06/845,737); and the C-factor terminator isolated as 
a 277 bp Sall-EcoRI fragment in which the EcoRI site has 
been filled in with Klenow fragment and BamHI linkers 
ligated to give a Sall-BamHI fragment Brake et al. (1984) 
Proc. Natl. Acad. Sci. USA 81:4642-4646); all cloned into a 
pBR322 derivative in which the segment between EcoRI and 
SalI is deleted and Bam linkers attached. Plasmid pS104 is 
the same as plasmid pS103 (Section 4.2.3.2), except that the 
GAPDH fragment of the ADH-2/GAPDH promoter is about 
400 bp, as opposed to 200 bp. The construction of pS104 
was the same as pS103, except that during the preparation 
of the GAPDH portion of the promoter, the 0.4 Kbp BamdI 
EcoRI fragment was partially digested with AluI to create a 
blunt-end near the BamHI site. 

4.2.6. Env 4 
The env 4-5 polypeptide corresponds to the region of the 

envelope gene which approximates the C-terminus of gp120 
and the N-terminus of gp41, amino acids 272 to 673 (FIG. 
5). Plasmid pBS24.1/SOD-SF2env4-5 was used to express 
the env 4-5 polypeptide as an SOD fusion protein under the 
regulatory control of the ADH-2/GAPDH promoter in yeast. 

4.2.6.1. Construction of pBS24.1/SOD-SF2env4-5 
To construct plasmid pPS24.1/SOD-SF2env4-5a 1.2 kbp 

BglII-SalI fragment which corresponds to nucleotides 6603 
7795 (see FIG. 5) was isolated from pSV7dARV160T-tpa 
and ligated into pBS24/SOD-SF2env4 (see Section 4.2.4.3.) 
which had previously been digested with BglII and SalI. 
Plasmid pSV7dARV160T-tpa is a plasmid which contains 
the HIV envelope gene to which two stop codons, a HindIII, 
and SalI site had been introduced at position 7798 by M13 
mutagenesis with the following mutagenic primer: 

5'- CTTTATATAC GT CGACAAG CTTCAT 
CAGCTAAACCAA-3' 
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4.2.6.2. Transformation and expression 
The plasmid pPS24.1/SOD-SF2env 4-5 was transformed 

into yeast cells S. cerevisiae AB116 mata, leu 2, trp 1, ura 
3-58, pro 1-1122 (prot. B), pep 4-3 (prot. A), pre 1-407 (prot. 
c), ciras described previously Hinnen, et al. (1978) Proc. 
Natl. Acad. Sci. USA 75:1929-1933 and plated on Leu 
Sorbitol plates. The cultures were grown and expression ana 
lyzed as previously described in Section 4.2.4.4. Expression 
levels of the SOD/env4-5 fusion protein were approximately 
15-20% of the insoluble protein fraction as estimated by 
Coomassie-blue staining of PAGE-treated samples. 

4.2.6.3. Protein Purification Cultures of AB116 (pBS24.1/ 
SOD-SF2env4-5) were grown in 3 ml Leu', 8% glu 
cose medium overnight at 30° C. The 3 ml was inocu 
lated into 50 ml Leu, 8% glucose medium for 24 h at 
30° C. The 50 ml was then inoculated into 1 liter of 
YEP, 1% glucose and grown 30–48 h for induction of 
protein expression. The cells expressing SOD/env 4-5 
were harvested and further processed as described for 
the purification of env-2 (Section 4.2.2.3.). 

4.3. p31 pol 
4.3.1. GAP/ADH2 Promoter 
The ARV248NL fragment (Section 3.4.2.3) was cloned 

into pBS100 previously cut with NcoI and Sall. pBS100 
(below) is a bacterial vector derived from p AB12 with a 
BamHI cassette consisting of the GAP-ADH2 promoter 
(i.e., the ADH-2/GAPDH promoter), an ARV-env gene as an 
NcoI-SalI fragment, and the GAP terminator. The BamHI 
cassette from a positive clone of pBS100/p31/GAP-ADH2 
was cloned into pAB24 (Section 4.2.2.1), a yeast vector with 
both ura and leu selection capabilities. Both orientations of 
the cassette in this vector were screened for and used to 
transform the yeast strain AB110 (Mata, urab 3-lb 52, 
leu-b 2-lb 04, or both leu-b 2-lb 3 and leu-b 2-lb 112. 
pep-b 4-lb 3, his Ib 4-lb 580, cir'). These cells were plated 
in both ura and leu plates. Also, ura cells were plated onto 
leu plates. 

Three different induction procedures were done: (1). Ura 
colonies patched on ura plates were induced for 24 h in 
YEP/1% glucose. Both a Western and a polyacrylamide gel 
were run on these samples. Both results were negative. (2). 
Colonies from ura plates patched on leu plates were 
induced in either leu/3% ethanol orYEP/1% glucose for 24 
h. A Western and a polyacrylamide gel were run on these 
samples and the results were also negative. (3). Colonies 
from leu plates patched on leu plates were induced in 
either leu/3% ethanol or YEP/1% glucose for 24 h. The 
polyacrylamide gel showed a negative result. No Western 
was run on those samples. 

Plasmid pl3S100 is a yeast expression cassette vector 
cloned into a pBR322 derivative, p.AB12. The expression 
cassette contains the hybrid ADH-2/GAPDH promoter and 
the GAPDH terminator flanking a gene segment from the 
envelope gene. The ADH-2/GAPDH promoter is a 1200 bp 
BamHI-NcoI fragment isolated from plS103 (Section 
4.2.3.2) and the GAPDH terminator is a 900 bp Sall-BamHI 
fragment isolated from plasmid pPGAP1 (Section 4.2.1.1). 
Plasmid pPS100 also contains a non-essential fragment 
between the NcoI and SalI sites which is replaced by gene 
fragments of interest. The expression cassette can be 
removed from pBS100 by digestion with BamHI and cloned 
into yeast shuttle vectors for introduction into yeast cells. 

Plasmid pAB12 is a pBR322 derivative lacking the region 
between the single HindIII and SalI sites and containing a 
BamHI linker inserted between the unique EcoRI site. This 
vector was constructed by digesting pEBR322 to completion 
with HindIII and SalI, followed by limited digestion with 
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Bal31 nuclease, repair of the ends so created with the Kle 
now fragment of E. coli DNA polymerase I, and blunt-end 
ligation with T4 DNA ligase to reform closed covalent 
circles. The plasmid was then opened up with EcoRI, treated 
with the Klenow fragment of E. coli DNA polymerase I (to 
fill-in the 5' overhangs), blunt-end ligated with BamHI 
linkers, digested with BamHI to remove excess linkers, and 
then ligated to form closed circles. 

4.3.2. GAP Promoter 
The pBS100/p31/GAP-ADH2 plasmid was cut with 

BamHI and Nicol and the fragment containing the p31 gene 
(NcoI-SalI) and the GAP terminator (Sall-BamHI) was gel 
purified. pC1/1-alpha 1 antitrypsin/GAP was also cut with 
NcoI and SalI and the fragment including the GAP promoter 
(NcoI-BamHI) and a portion of pC1/1 (BamHI-SalI) was gel 
isolated as well. Both fragments were ligated with the yeast 
vector pC1/1 previously cut with BamHI and SalI. The 
BamHI cassette can only be cloned in a single orientation in 
this case. The resulting DNA was used to transform yeast 
strains AB110 and PO17 (Mata, leu-b 2-lb 04, cir') and the 
cells were plated on leu plates. The transformation using 
strain PO17 gave no transformants. 

Colonies from leu plates were grown in 3 ml of leu/2% 
glucose for 24 h. Yeast was analyzed on polyacrylamide gels 
stained by Coomassie Blue with negative results. No West 
ern was run on these samples. 

4.3.3. SOD-D31 Fusion Protein 
The construction of the p31 pol expression vector is 

shown schematically in FIG. 23. The DNA and amino acid 
sequences of the SOD/p31 insert are shown in FIG. 24. 

4.3.3.1 pC1/1-pSP31-GAP-ADH2 
For the construction of a gene for a fused protein SOD 

p31 to be expressed in yeast, plasmid pSI4/392 was used. 
This plasmid contains the SOD gene fused to the proinsulin 
gene under the regulation of the ADH-2/GAP promoter. The 
pro-insulin gene is located between EcoRI and SalI restric 
tion sites. To substitute the proinsulin gene with the 
ARV248NL (Section 3.4.2.3) fragment, two oligomers des 
ignated ARV-300 and ARV-301, respectively, were synthe 
sized using phosphoramidite chemistry. The sequences gen 
erate cohesive ends for EcoRI and Nicol on each side of the 
molecule when the two oligomers are annealed. ARV-300 
and ARV-301 have the sequences: 

ARW-3 OO 5 AATTCAGGTGTTGGAGC 
GTCCACAACCTCGGTAC is " ARW-3 O1 

Two micrograms of pSI4/39–2 linearized with EcoRI were 
ligated to 100 picomoles each of phosphorylated ARV-300 
and dephosphorylated ARV-301 in the presence of ATP and 
T4 DNA ligase in a final volume of 35ul. The reaction was 
carried out at 14°C. for 18 h. The DNA was further digested 
with SalI and the fragments were resolved on a 1% low 
melting point agarose gel and a fragment containing the vec 
tor plus the SOD gene (-6.5 kb) was purified as described 
above and resuspended in 50 ul of TE. Five ul of this prepa 
ration were ligated to 5 ul of ARV248NL in 20 ul final vol 
ume for 18 h at 14°C. and 5ul used to transform competent 
HB101 cells. The resultant plasmid was called pSP31. 
Twenty ug of this plasmid were digested with BamHI and a 
fragment of about 2900 bp was isolated by gel 
electrophoresis, resuspended in TE and ligated to pC1/1 pre 
viously cut with BamHI. This DNA (the pC1/1-pSP31-GAP 
ADH2 derivative) was used to transform HB101 and trans 
formants with the BamHI cassette were obtained. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

50 
4.3.3.2. Transformation and Expression 
Yeast strains 2150, PO17, and AB110 were transformed 

with the pC1/1-pSP31-GAP-ADH2 derivative, both short 
and long orientations. The strain 2150 gave no transfor 
mants. All other transformants were patched on leu plates. 

Yeast strain PO17 (Mata, leu 2-04, cir) was obtained by 
isolating a spontaneous revertant strain 21502-3 (Mata, ade 
1, leu 2-04, cir). To isolate the revertant PO17, 2150-2-3 
yeast cells were grown in YEPD, washed in medium without 
adenine and about 6x10 cells were plated onto six adenine 
minus (ade) plates. Four candidate revertants were tested 
for other genetic markers by Steaking on plates without ura 
cyl (ura), plates with no leucine (leu), and minimal plates 
plus leucine. Growth was observed on ura and minimal plus 
leu plates; no growth was observed on leu plates. Rever 
tants were crossed with strain AB103.1 (Mata, pep 4-3, leu 
2-3, leu 2-112, ura 3.52, h is 4-580) to determine if the 
reversion was due to extragenic Suppression. Based on tetrad 
analysis, none of the four independent ade" revertants were 
due to extragenic Suppression. Based on good growth and 
high spore viability, one of the revertants was selected and 
named PO17. 

Three different kinds of inductions were tried: (1) PO17 
colonies were induced in either a 10 ml culture of YEP/1% 
glucose or a leu/3% ethanol culture for 24 h. The yeast 
pellets were analyzed by both polyacrylamide gels and 
Westerns and even though the Coomassie-stained gel 
showed a negative result, the western did light up a band of 
the correct molecular weight with both induction methods. 
(2) PO17 colonies were induced in a 30 ml culture of YEP/ 
1% ethanol for 48 h. Aliquots were analyzed by PAGE at 
various time points during the induction. The Coomassie 
stained gel shows a band in the correct molecular weight 
range (47-50 kd) that appears after 14h in YEP/1% ethanol 
and reaches a maximum intensity at 24 h of induction. The 
Western result correlates well with the Coomassie-stained 
gel, showing strong bands at 24 and 48 h. (3) AB110 colo 
nies were induced in either leu/3% ethanol or YEP/1% glu 
cose for 24 h. PAGE and Westerns were run and the results 
were negative for the PAGE and positive for the Western, in 
both induction methods. 

Expression and immunoreactivity were characterized as 
described below. 

Cells from one patch PO17 (pC1/1-pSP31/GAP-ADH2) 
were inoculated in 50 ml of leu/7.1% glucose and grown 
overnight at 30°C. The saturated culture was inoculated into 
500 ml of the same leu/7.1% glucose medium and incu 
bated overnight at 30° C. The saturated 500 ml culture was 
used to inoculate a 10 L fermenter with YEPD. Cells were 
then harvested about five days later. 
A sample of cells from the fermenter were analyzed by 

PAGE electrophoresis to determine expression levels of p31 
SOD. In addition, Western analysis using a Trimar serum 
was performed on the samples to determine its immunoreac 
tivity. 
The following procedure was used to prepare samples for 

PAGE and Westerns: 
a. Cells (4 g) were resuspended in 7 ml of lysis buffer (50 

mM Tris-HCl, pH 8.0, 1 mM EDTA, 150 mM NaCl, 1 mM 
PMSF) in a centrifuge tube and 4 ml of yeast-size glass 
beads were added. 

b. Cells were vortexed at top speed in a VWR Vortex for 
10 minutes (1 min. on ice, 1 min. Vortexing). 

c. The cell lysate was centrifuged at 18,000 rpm (39,000x 
g) for 10 minutes in a JA 20 rotor. Both insoluble (pellet) and 
soluble (supernatant) fractions were further analyzed. 

d. The supernatant was diluted in sample buffer (1/4 
dilution), boiled 10 minutes and cooled to room temperature. 



US RE41,158 E 
51 

e. The pellet obtained in 'c' was boiled during 10 minutes 
in sample buffer (5 ml) and cooled to room temperature. The 
mixture was centrifuged at 18,000 rmp (39,000xg) for 15 
minutes in a JA 20 rotor. The supernatant was recovered and 
was diluted 1/4 in sample buffer. 

f. Samples from the Supernatant (obtained in “d') and 
solubilized pellet (obtained in “e') were loaded on a 12% 
PAGE. A band corresponding to SOD-p31 (between MW 68 
and 43 Kd) was present in the insoluble fraction (samples of 
solubilized pellet). 

Immunoreactivity of SOD-p31 band was tested by West 
ern Analysis using serum Trimar 0036 from an AIDS patient. 
For this purpose, proteins were fractionated on a 12% PAGE 
as previously described and transferred to nitrocellulose fil 
ter paper. The filter paper was then treated with serum 0036, 
followed by a second goat anti-human antibody conjugated 
with horseradish peroxidase (HRP). Color was developed 
using an HRP substrate. Bands corresponding to p31-SOD 
were present in samples corresponding to the insoluble 
(Pellet) fractions. Bands of smaller size, present in both 
soluble and insoluble fractions, also react with the sera and 
most probably correspond to degradation products of SOD 
p31. 

4.3.3.3. Purification and Characterization 
Frozen bacteria (Section 3.5) or yeast cells expressing the 

p31-SOD fusion protein are thawed at room temperature and 
suspended in 1.5 volumes of lysis buffer (20 mM Tris-Cl, pH 
8.0, 2 mM EDTA, 1 mM PMSF, for bacteria: 50 mM Tris-Cl, 
pH 8.0, 2 mM EDTA, 1 mM PMSF for yeast), and mixed 
with 1 Volume of acid-washed glass beads. 

Cells are broken for 15 min in a non-continuous mode 
using the glass chamber of a Dynomill unit at 3,000 rpm, 
connected to a -20° C. cooling unit. Glass beads are 
decanted for 2-3 min on ice, the cell lysate is removed. The 
decanted glass beads are washed twice with 30 ml of lysis 
buffer at 4°C. The cell lysate is centrifuged at 39,000xg for 
30 min. 
The pellet obtained from the above centrifugation is 

washed once with lysis buffer, after Vortexing and Suspend 
ing it at 4°C. (same centrifugation as above). The washed 
pellet is treated with 0.2% SDS (for bacteria) of 0.1% SDS 
(for yeast) in lysis buffer and agitated by rocking at 4°C. for 
10 min. The lysate is centrifuged at 39,000xg for 30 min. 
The pellet is boiled in sample buffer (67.5 mM Tris-Cl, pH 
7.0, 5% B-mercaptoethanol, 2.3% SDS) for 10 min and cen 
trifuged for 10 min at 39,000xg. The supernatant is recov 
ered and further centrifuged at 100,000xg for 60 min (60Ti 
rotor). This step is replaced by a 0.450 um filtration when 
yeast is used. The Supernatant from the above centrifugation 
is loaded (maximum 50 mg of protein) on a gel filtration 
column (2.5x90 cm, ACA 34 LKB) with a flow rate of 0.3- 
0.4 ml/min, equilibrated with phosphate-buffered saline 
(PBS), 0.1% SDS. The fractions containing SOD-p31 are 
pooled and concentrated either by vacuum dialysis or using a 
YM5 Amicon membrane at 40 psi. The protein is stored at 
-20°C. as concentrated solution. 

Gel electrophoresis analysis shows that the SOD-p31 pro 
tein migrates having a molecular weight of about 46 kd and 
is over 90% pure. 
4.4. Reverse Transcriptase (RT) 
The AIDS retroviral reverse transcriptase (RT) is an RNA 

dependent DNA polymerase found in virions in low quanti 
ties. RT is encoded within a domain of the viral pol gene. 
The mature enzyme is derived by proteolytic processing 
from a large polypeptide precursor whose cleavage is 
thought to be mediated by a viral protease. 
The amino terminal sequence of HIV RT has been 

reported Veronese et al. (1986) Science 231:1289-1291 
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and corresponds to proline-156 of the polymerase gene 
(nucleotide 2403, FIG. 5). The carboxy terminal end of the 
RT gene is estimated to be at valine-691 (nucleotide 3708). 

4.4.1. p AB24/RT4 Expression Vector 
A 6.1 kb EcoRI fragment of cloned proviral DNA was 

cloned into puC19 at the EcoRI site and designated pUC 
ARV8A. Plasmid puC-ARV8A was digested with Ball and 
KpnI which liberates a 1535 bp fragment containing coding 
sequence for amino acids proline-180 through tryptophane 
690. This fragment was extended, using synthetic 
oligonucleotides, to include proline-164 at the N-terminus 
and alanine-693 at the C-terminus. The synthetic DNA also 
provides a methionine initiation codon. 
The RT-encoding fragment was modified by the addition 

of synthetic oligonucleotide adapters. The 5' synthetic DNA 
has the following sequence: 

s' - CATGCCTATCTCTCCAATCGAAACCGTC 
3- GGATAGAGAGGTTAGCTTTGGCAG 

CCAGTCAAGCTTAAACCAGGTATGGATGGG 
GGTCAGTTCGAATTTGGTCCATAC CTACCC 

CCCAAGGTCAAGCAGTGG-3 
GGGTTCCAGTTCGTCAC C-5 

The 3' adaptor was a XpnI/SalI adaptor with an in-frame stop 
codon having the following sequence: 

5 - CAGCATAG-3 
3 - CATGGTCGTATCAGCT-s' 

The 5' adaptor contains a HindIII site within the initiation 
codon so that digestion with HindIII and SalI can facilitate 
Subsequent cloning of the RT sequence into additional 
expression vectors. 
The synthetic linkers and the cloned DNA were ligated by 

standard techniques into the vector pPGAP1 (Section 
4.2.1.1) which had been previously digested with NcoI-SalI 
and gel isolated. The resulting expression cassette contain 
ing the GAPDH promoter, the RT gene, and GAPDH termi 
nator was excised with BamHI and cloned into pAB24 
which had been previously digested with BamHI and treated 
with alkaline phosphatase. The resulting expression plasmid 
was designated pAB24/RT4 and is shown in FIG. 20. 

4.4.2. Transformation and Expression 
Plasmid paB24-RT4 was used to transform yeast strain 

AB110, and leucine prototrophs grown in leucin-deficient 
media to 3 ml, followed by growth in YEPD to the 11 level. 
Travis et al. (1985) J. Biol. Chem. 260:4384-4389. 

4.4.3. Purification 
Cells from a 1 1 culture were pelleted by centrifugation at 

2,500 rpm for 10 min. The cell pellet was resuspended in 300 
ml of 50 mM Tris-HCl, pH 7.5, 14 mM B-mercaptoethanol, 
1.2M sorbitol, and 200 lug/ml Zymolyase. Spheroplast 
formation, monitored by light microscopy, was allowed to 
proceed for 90 min at 30° C. After a low speed 
centrifugation, the pelleted spheroplasts were lysed in 40 ml 
of a buffere containing 50 mM Tris-HCl, pH 7.5, 0.1% Tri 
ton X-100, and 1 mM DTT at room temperature. The yeast 
lysate was clarified by centrifugation at 20,000 rpm for 2 
hours and the Supernatant was fractionated by stepwise 
NHSO precipitation. Greater than 90% of RT activity was 
in the 0-30% NHSO insoluble fraction. This NHSO pel 
let was resuspended in 20 ml of reverse transcriptase buffer 
(RTB: 50 mM Tris-HCl, pH 7.5, 2 mM B-mercaptoethanol, 
0.2 mM EDTA, 0.1% Triton X-100, 20% vol/vol glycerol) 
containing 50 mM KC1. An Amicon pressure filtration 
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device was used for desalting. The extract was then applied 
to a cellulose phosphate column (Sigma C-2383) (2.5 
cmx30 cm) preequilibrated in RTB containing 50 mM KC1. 
The column was washed with 100 ml of the same buffer. A 
linear gradient of 50 to 800 mM KCl in RTB was used for 
elution. Individual fractions were monitored for RT activity. 
The peak fractions of RT activity were between 150 and 225 
mM KC1. This material (about 15 ml total) was pooled, 
desalted by Amicon filtration using RTB containing 50 mM 
KC1, and then applied to a single-stranded DNA cellulose 
column (Sigma D-8273) (1.0 cmx10 cm) preequilibrated in 
RTB at 50 mM KC1. The column was washed with 30 ml of 
this buffer and eluted with a linear gradient of RTB from 50 
to 800 mM KC1. Fractions were monitored for RT activity 
and peak fractions were pooled. 

4.4.4. Electrophoresis and Immunoblotting 
Recombinant RT was analyzed by polyacrylamide gel 

electrophoresis and immunoblotting techniques using AIDS 
patients sera. The recombinant protein gave an apparent gel 
mobility of approximately 66 kD. indicating an extremely 
close approximation to the native p66 species, and in good 
agreement with the calculated molecular weight of 62.5 kD. 
It was also noted that during purification, processing of this 
66 KD protein occurred giving a second major species with 
an estimated molecular weight of 51+1.5 KD. This process 
ing is presumably due to a yeast protease since the region 
thought to encode ARV protease was not included in this 
expression construction. Previously, HIV gag-pol fusions 
expressed in yeast were shown to be processed when this 
protease region was included. Kramer et al. (1986) Science 
231:1580-1584. That the p66 and p51 species produced in 
yeast had identical N-termini (Pro. Ile.SerPro. Ile, etc.) was 
confirmed by gas phase sequence analysis of the purified 
proteins (15 cycles; as a mixture, Panel A, lane 3). Thus, 
yeast may mimic the natural maturation processes for HIV 
RTs, giving rise to both p66 and p51. The sequence analysis 
also showed that the N-termini methionine derived from the 
Synthetic initiation codon was removed in Vivo. 
Interestingly, the processing observed in yeast may indicate 
that HIV protease is not necessarily required for this pro 
cessing event in vivo. Preliminary immunoblot analysis of 
recombinant RT also indicates a high degree of reactivity 
with AIDS sera. Of 20 sera tested, 19 scored positive. 

4.4.5. RT Activity Assay 
Analysis of recombinant RT activity by enzymatic assay 

was performed on crude yeast lysates and the purified 
enzyme. Cruse lysate was prepared as follows. Cells from 25 
ml culture were pelleted by centrifugation at 2,500 rpm for 
10 min. The cell pellet was resuspended in 7.5 ml of 50 mM 
Tris-HCl, pH 7.5, 14 mMB-mercaptoethanol, 1.2M sorbitol, 
and 200 ug/ml Zymolyase. Spheroplast formation, moni 
tored by light microscopy, was allowed to proceed for 90 
min at 30° C. After a low speed centrifugation, the pelleted 
spheroplasts were lysed in 1 ml of a buffer containing 50 
mM Tris-HCl, pH 7.5, 0.1% Triton X-100, and 1 mM DTT 
at room temperature. The yeast lysate was clarified by cen 
trifugation. 

Using the assay conditions described for RT isolated from 
virions Veronese (1986) Science 231: 1289-1292), the rela 
tive activity of yeast-derived RT was assayed using various 
primer template combinations. Thus, relative to (dT)-s 
(dA), (100%), the enzyme activity with (dT)-(dA), was 
4.3%, with (dG)-s(rC), was 71.1%, and with (dG)-is 
(rC"), was 2.4%. Yeast extracts form cells containing con 
trol plasmids gave background levels of incorporation, 
excluding the possibility of host-encoded RT activity. 
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In all cases, the enzyme reactions were linear for greater 

than 90 minutes. The results are shown in the following 
table: 

Time cpm Incorporated 

10' 860 
2O' 2110 
3O' 272O 
40' 4046 
50' 3834 
60' S360 
90' 8284 
120 10626 
160 11814 
18O 11750 

Kinetics of recombinant reverse transcriptase activity: 6 Jul of RT sample 
incubated at 37° C. with 50 mM Tris-HCl, ph 7-8; 10 mM MgCl2: 10 mM 
DTT; 0.1M NaCl; 0.1 mMH dTTP and 15 g of (dT)~s (ra), in a total 
volume of 300 l aliquots wee removed at indicated times and trichloroace 
tic acid precipitated on glass filters, washed, and dried, and their radioactiv 
ity was determined with a Beckman Scintillation counter. 

4.5.p25gag 
4.5.1. Host-Vector System 
Protein p25gag is synthesized by Saccharomyces cerevi 

siae AB110 transformed with plasmid pCl/1-p25-ADH 
GAP Plasmid pCl/1-p25-ADH-GAP is a yeast expression 
vector which contains the sequence coding for p25 gag 
Sanchez-Pescador et al. (1985) Science 227:484 as well as pBR322 sequences including the amplicillin-resistant (amp'') 
gene and 2 micron (2) sequences Broach, in Molecular 
Biology of the Yeast Saccharomyces, Vol. 1, p. 445 (Cold 
Spring Harbor Press, 1981), including the yeast leucine 
(leu) 2-04 gene. 

Expression of p25 is non-constitutive and it is under regu 
lation of a hybrid ADH-2/GAPDH promoter derived from 
promoter sequences of the yeast alcohol dehydrogenase 
gene (ADH2) Beier et al. (1982) Nature 300:724-728) and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
EPO Pub. No. 120,551 and of the GAPDH terminator. 
Induction of p25 expression is achieved by low concentra 
tion of glucose in the growth medium. Yeast strain S. cerevi 
siae AB110 has the following genotype: Mat C. ura3-52, 
leu2-04, or both leu2-3 and leu2-112, pep4-3, his4-580, cir. 
This strain was obtained as described below. 

4.5.2. Saccharomyces cerevisiae AB110 
Yeast strain S. cerevisiae 2150-2-3 (available from Lee 

Hartwell, University of Washington) was crossed with yeast 
S. cerevisiae strain AB 103.1 transformant containing pC1/1 
derivative. The diploids were sporulated and the tetrads dis 
sected. Strains were maintained on leucine selective plates in 
order to ensure maintenance of the plasmid, since the parents 
are auxotrophs. A series of colonies were screened for their 
genotype with respect to a number of markers (Mat C, ura3. 
leu2, pep4-3). 
The strain AB110 has the following genotype: Mat C. 

ura3-52, leu2-04 or both leu2-3 and leu2-112, pep4-3, his4 
580, cir, and is obtained by curing the above strain AB110 
(pC1/1 derivative) of its resident plasmid by growth in the 
presence of leucine (absence of selective pressure) and then 
selection for leu colonies by replica plating. 

4.5.3. pC1/1-D25-ADH-GAP 
Plasmid pC1/1-p25-ADH-GAP is a yeast expression vec 

tor which contains an “expression cassette' (see below) for 
p25gag cloned into the BamHI site of vector pCl/1. Vector 
pC1/1 was previously described (Section 4.1.2). 
An "expression cassette' for p25gag consists of the fol 

lowing sequences fused together in this order (5' to 3'): yeast 
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hybrid ADH-2/GAPDH promoter, a gene for p25gag, and 
GAPDH terminator. FIG. 21 shows a schematic of the con 
struction of pCl/1-p25-ADH-GAP. The fragment shown at 
the top of the figure, containing p25gag, was constructed 
from ARV-2 DNA, in which the sequences coding for leu 
(position 7) to an SphI site at gly (position 90) (see FIG. 22 
for amino acid numbers) were repeated by synthetic DNA. A 
PstI site (encircled in the figure) was inserted at leu (position 
7) by replacing the natural CTA with a CTG codon. A natu 
ral PstI site at Ala79 was removed by making a silent third 
position change (dA to dC) in this codon. Two stop codons 
(indicated by an arrow) and a SalI site (circled) were placed 
adjacent to the C-terminal leu (position 232) codon by sub 
stituting synthetic DNA from the ScrEI site at pro (position 
225) to the Sal using synthetic oligonucleotides. An addi 
tional methionine codon (indicated with an asterisk) was 
used as the initiation codon. The PstI-SalI fragment had been 
previously cloned in the construction of pGAG25-10 (see 
Section 3.1.2. and FIGS. 7 & 8). 
To construct the yeast expression vector, a 682 bp PstI 

Sal fragment containing the p25gag gene was isolated from 
plasmid pGAG25-10 (Section 3.1.2) and ligated with a syn 
thetic NcoI-PstI linker, which has the following sequence: 

Met Pro Ile Wall Glin Asn. Leul Glin 
s' 3 
C ATG CCT ATA GTG. CAG AAT. CTG CA 169/24 
(Nco) G.GA TAT CAC TGC TTA G Pst 17 O/16 

3 

This was cloned into pBS100 (Section 4.3.2) which had 
been previously digested with NcoI and SalI and gel iso 
lated. The BamHI expression cassette was excised from the 
resulting plasmid and ligated into BamHI digested and phos 
phatased treated pC1/1 to yield pCi/1-p25-ADH-GAP. The 
p25gag produced in yeast differs from that produced in E. 
coli (Section 3.1.) by the presence of the naturally occurring 
proline after the methionine at the N-terminus. 

FIG. 22 shows the nucleotide sequence of the p25gag 
insert cloned in pC1/1-p25-ADH-GAP and the amino acid 
sequence derived from it. DNA sequences that are not under 
lined in the p25 region are derived directly from the ARV-2 
proviral DNA. Underlined sequences were chemically syn 
thesized by the phosphoramidite method as originally 
described by Beaucage & Caruthers, (1981) Tetrahedron 
Lett. 22:1859. 

4.5.4. Transformation and Expression Yeast cells were 
transformed following the procedure of Hinnen et al. (1978) 
Proc. Natl. Acad. Sci. USA 75:1929. The transformation mix 
was plated onto selective leu agar plates. Plates were incu 
bated at 30° C. for 2 to 4 days. 

Single transformant colonies were transferred into leu, 
8% glucose medium and grown at 30° C. until saturation. 
For induction of expression, a 1/25 dilution of the saturated 
culture into YEP/1% glucose was made and the cells were 
grown to Saturation. Cells were harvested, lysed with glass 
beads and the insoluble material was collected by centrifu 
gation. The pellet was resuspended in gel sample buffer and 
boiled. Extracts were fractionated on standard denaturing 
acrylamide gels. Laemmli (1970) Nature 227:680. Proteins 
were visualized by staining with Coomassie blue. 
The extent of expression was initially determined by 

appearance of a new protein of the expected molecular 
weight in extract of transformants harboring pCl/1-p25 
ADH-GAP as compared with control extracts (cells trans 
formed with vector without p25gag insert). Immunoreactiv 
ity of the p25 protein was determined by standard western 
analysis Towbinet al. (1979) Proc. Natl. Sci. USA 76:4350 
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using human serum from an AIDS patient. The western 
analysis showed immune reaction of a protein of about 
25,000 daltons. No reaction was observed with non-immune 
S. 

For preparation of a master seed Stock, transformant cells 
were streaked onto a leu plate and incubated at 30° C. for 2 
days. Five single colonies were picked and individually 
inoculated into 5 ml of leu, 8% glucose liquid medium and 
grown overnight at 30° C. A 1 ml aliquot was used to test 
expression of p25 and 15% glycerol was added to the rest of 
each culture. Glycerol cell stocks were aliquoted into 1 ml 
vials, labeled and quickly frozen in liquid nitrogen. Aliquots 
of the culture corresponding to the highest expresser were 
selected as the master seed stock and stored at -70° C. The 
seed stock was tested for absence of bacterial contamination. 

4.5.5. Protein Purification. 
Cells from the patch which gives highest expression of 

p25 were used to inoculate 40-60 ml of leu, 7.1% glucose 
medium. Cultures were grown to saturation at 25-35° C. 
with agitation. An aliquot (10-50 ml) of the first culture were 
added to 400-600 ml of leu 7.1% glucose medium. Cultures 
were grown to saturation at 25-35° C. with agitation. An 
aliquot (100-500 ml) of the second inoculum was added to 
8-12 L of YEP/1% glucose containing 1 ml of antifoam in a 
16 L fermentor. Cultures were grown for 24 to 48 hours at 
25-35° C. with agitation. Following fermentation, the 
approximately 8-12 L of yeast culture were centrifuged 
through a continuous flow centrifuge, and the cells were 
harvested. 

Frozen (or refrigerated) packed cells (50-150g portions) 
were thawed and suspended in Lysis Buffer (1 mM PMSF, 2 
mM EDTA, 150 mM. NaCl, 50 mM Tris-HCl, pH 8.0: total 
volume of cells and Lysis Buffer=280 ml), and 160-170 g of 
acid-washed glass beads were added. Cells were broken in a 
non-continuous system using a 300 ml glass unit of a Dyno 
mill at 3,000+500 rpm for 10-25 minutes. The exteriorjacket 
temperature of the Dyna-mill was maintained at -15° to 
-20° C. by an ethylene glycol solution. Glass beads were 
allowed to settle by letting the mixture sit on ice. The cell 
lysate was decanted. Glass beads were washed with Lysis 
Buffer and the wash was added to the cell lysate. The lysate 
was centrifuged at 39,000xg (30-70 minutes, depending on 
rotor) for 30 minutes. The pellet was discarded, and the 
soluble fraction was further centrifuged at 100,000xg for 60 
minutes at 2-8°C. The fatty layer (about 4 of total volume) 
was aspirated off. The Supernatant was decanted, and the 
pellet was discarded. 
The soluble fraction obtained in the previous step was 

diluted ten fold by adding 9 volumes of 0.03 M Tris-HCl, 1 
mM EDTA, pH 9.0. The pH of the diluted soluble fraction 
was adjusted to 9.0+0.5, then the material was chromato 
graphed at 4-8°C. on a DEAE Sephacel column equilibrated 
with 0.03 M Tris-HCl, 1 mM EDTA, pH 9.0. Material was 
eluted using the same buffer; absorbance of the eluate was 
monitored at 280 nm, and 20-25 ml fractions were collected. 
Fractions were assayed by SDS-PAGE, and those containing 
p25 protein were pooled. 
The pooled fractions were concentrated to a protein con 

centration of 20-25 mg/ml by ultrafiltration in an Amicon 
unit under N2 pressure. The concentrate was chromato 
graphed on an ACA54 (LKB) column equilibrated with at 
least 1 column volume of 0.03 MTris HCl, 1 mM EDTA, pH 
9.0. Material was eluted using the same buffer; absorbance 
of the eluate was monitored at 280 nm, and 10-30 ml frac 
tions were collected. Fractions containing p25 protein as 
determined by SD-PAGE were pooled. The fraction pool 
was concentrated to approximately 1-2 mg/ml total protein 
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by ultrafiltration in an Amicon unit under N. pressure. Pro 
tein concentration of the Bulk p25 was adjusted to 1.2-1.8 
mg/ml (based on Lowry assay). 
4.6. P53 gag 
The gag proteins from the HIV retrovirus are derived from 5 

a gag precursor polypeptide, designated p53 gag. By combin 
ing HIV DNA derived from puC-8A, (a subclone containing 
the insert from WARV-2 (8A) cloned into puC19) with syn 
thetic oligonucleotides and cloning into a yeast expression 
vector the complete p53 gag precursor protein was synthe- 10 
sized by yeast. 

4.6.1. Construction of pC1/1-GAP-p53 
A 1424 bp SacI-BglII fragment was gel isolated from 

pUC-8A. This fragment corresponds to nucleotides 225 to 
1650 as shown in FIG. 5. The Sall-BglII fragment was fur- 15 
ther digested with HgaI and then ligated with the following 
oligonucleotide linker: 

5 - GCCCTTTGGGAAACCAT-3' 2O 
3 - CGGGAAACCCTTTGGTACCCAC-5 

The ligated linker fragment was digested with NcoI and 
BglII and then cloned into pPGAP-IGF1 which had previ 
ously been digested with NcoI and BglII. The NcoI site of as 
the linker functions to regenerate the N-terminal methionine 
of p53. Plasmid pPGAP-IGF1 is plasmid pPGAP1 as 
described in Section 4.2.1.1. with a 220 bp NcoI-SalI frag 
ment encoding IGF-I. The IGF-I sequences only serve as a 
matter of convenience due to the presence of a BglII site 60 so 
bp from the 3' end of the insert. The resulting plasmid, 
pPGAP-p53/IGF1, was digested with BglII and Sali and 
ligated with a 201 bp synthetic oligonucleotide fragment 
which encodes the C-terminus of the p53 protein to give 
plasmid pPGAP-p53. The 1505 bp Ncol-SalI fragment con- is 
tains the entire coding region of p53 from amino acid 
methionine-1 to glutamine-502. Plasmid pPGAP-p53 was 
digested with BamHI to isolate the expression cassette con 
taining the GAPDH promoter-p53 gene-GAPDH terminator 
as a 2843 bp BamHI fragment which was then cloned into a 
pC1/1 which had previously been digested with BamHI. The 
resulting plasmid was called pC1/1-GAP-p53. 

4.6.2. Transformation and Expression 
S. cerevisiae strain JSC302 was constructed by transform 

ing strain AB116 to G418 resistance with plasmid poM15 45 
(FIG. 14). Plasmid plM15 consists of Kluyveromyces lactis 
ADH1 promoter and terminator sequences flanking the 
G418 gene, pFBR322 sequences, and a GAP promoter-ADR1 
expression cassette. This integrating plasmid was targeted to 
the ADR1 locus. 50 

Plasmid pCl/1-GAP-p53 was transformed into yeast 
strain S. cerevisiae JSC302 following the procedure of Hin 
men et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929. The 
transformation mix was plated onto selective leu agar 
plates. The plates were incubated at 30° C. for 2 to 4 days. 55 
Single transformant colonies were transferred into leu, 8% 
glucose medium and grown at 80° C. until saturation. For 
induction of expression, a 1/25 dilution of the saturated cul 
ture into YEP, 1% glucose was made and the cells were 
grown to Saturation. Cells were harvested, lysed with glass 60 
beads and the insoluble material was collected by centrifu 
gation. The pellet was resuspended in gel sample buffer and 
boiled. Extracts were fractionated on standard denaturing 
polyacrylamide gels. Proteins were visualized by staining 
with Coomassie blue dye. A band of the appropriate molecu- 65 
lar weight for p53 was present in the cultures transformed 
with pCi/1-GAP-p53 but not in control extracts of JSC302. 

58 
4.6.3. Protein Purification 
Cultures of JSC302 (pCi/1-GAP-p53) were grown under 

the conditions described above except that the culture in 
YEP, 1% glucose was allowed to grow for only 24 hours. 
Cells were harvested and processed using the glass bead 
lysis procedure with Triton lysis buffer. Triton Lysis Buffer 
(0.1%, Triton X-100 (10 mM Tris HC18.0), 62.5 mM EDTA 
pH 8.0, 50 mM, Tris HCl pM 8.0). The proteins were pre 
cipitated with 40% NHSO. The pellet was resuspended in 
HO and dialyzed with 50 mM phosphate pH 7.0, 1 mM 
EDTA, 1 lug/ml Leupeptin, 1 lug/ml Leupeptin, 1 lug/ml 
Aprotinin, 1 mM PMSF (Phenylmethyl-sulfonylfluoride). 
The solution is applied to a Mono-Q resin (Pharmacia) on 

a FPLC column (Pharmacia). The column is eluted with a 
0-1M NaCl gradient. Fractions are collected and analyzed 
by Coomassie staining western blot analysis for the presence 
of p53. The peak fraction is made up to 20% glycerol. The 
column may be repeated to obtain higher purity of the pro 
tein. 
5. Immunoassay for Anti-HIV Abs. Using Recombinant HIV 
Polypeptides 

Diagnostic assays based on the ELISA technique and 
employing recombinantly produced viral antigens have been 
developed for the detection of antibodies to HIV. Microtiter 
plate based ELISAs and an immunoblot strip ELISAs have 
been configured which use either three or four recombinant 
viral antigens: the major core protein p25gag, the endonu 
clease region of the viral polymerase gene p31 pol, and one 
or two polypeptides from the envelope gene, either from 
gp120 and/or gp41 coding regions. 
5.1 ELISA-A 

5.1.1. Assay Protocol 
Stock solutions of purified p25gag protein (Section 3.1.5) 

(1.25 mg/ml in 20 mM sodium phosphate, 0.1% SDS, pH 
7.2), purified env-2 protein (Section 4.2.2) (2 mg/ml in 20 
mM sodium phosphate, 0.1% SDS, pH 7.2), and purified 
SOD-p31 fusion protein (Section 4.3.3) (2 mg/ml in 20 mM 
sodium phosphate, 0.1% SDS, pH 7.2) were prepared. 

For coating microtiter plates (Dynatech Immunolon I), 1 
part each of the stock solutions of p25gag, env, and SOD 
p31 were added to 997 parts of borate coating buffer (0.05 M 
borate, pH 9.0). One hundred microliters of the coating solu 
tion was added to each well, and the plates were covered and 
incubated 2 h at 37°C. or 12 h at 4°C. The coating solution 
was then aspirated from the wells and the plates washed 6x 
with wash solution (0.137 M 0.8% NaCl, 0.05% Triton 
X-100). 

Serum samples were diluted 1:100 in dilution solution 
(0.1% casein, 1 mM EDTA, 1% Triton X-100, 0.5 M NaCl, 
0.01% thimerosal, pH 7.5) with yeast protein (strain 
AB 103.1) extract (1:40 dilution, approximately 2 mg protein 
per ml in PBS containing 1% Triton X-100, 2 mM PMSF, 
0.01% thimerosal) and E. coli protein extract (1:40 dilution, 
approximately 1 mg protein per ml in PBS containing 1% 
Triton X-100, 2 mM PMSF, 0.01% thimerosal) added to the 
dilution solution. Extraction procedures were similar to 
those described in 16 and 18 above but using nonrecombi 
nant strains. One hundred microliters of diluted serum was 
added to each well and incubated 30 min at 37°C. The plates 
were then washed 6x with wash solution. 

Goat anti-human Ig labeled with horseradish peroxidase 
(Cappel) diluted 1:8000 in dilution solution without added 
yeast and E. coli extracts were added at 100 ul/well to the 
plates and incubated 30 min at 37°C. The plates were then 
washed 6x with wash solution. Substrate solution (10 ml 
citrate buffer, 10.5 g citric acid/liter dHO, pH to 4.0 with 6 
M. NaOH), 0.1 ml ABTS 15 mg/ml 2,2'-azino-di-(3- 
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ethylbenzthiazolene sulfonic acid) in dHO and 3.33 ul 
HO, at 100 ul/well was then added to the plates and the 
plates wrapped in foil and incubated at 37° C. for 30 min. 
The reaction was then stopped by adding 50 ul/well of 10% 
SDS. Readings were made with a Dynatech ELISA reader 
set for dual wavelength reading: absorbance wavelength of 1 
(410 nm) and reference wavelength of 4. 

5.1.2. Results 
The following sera were tested: 
A. 89 consecutive blood donors from the Kansas City 

Blood Bank (“normal blood donors'): log nos. 1001-1081, 
1085-1092. 

B. 52 sera from patients with lymphadenopathy syndrome 
(LAD) or AIDS or sexual partners of persons with LAD or 
AIDS (referred to as “contacts”) all obtained from UCSF 
AIDS Serum Bank panel: log nos. 4601-4652. 
The positive/negative cut-off used was 5x(average back 

ground signal with diluent alone) and was determined to be 
0.195. Thus, sera with signals below 0.195 were rated (-); 
those above were rated (+). Each sample was also evaluated 
by the commercially available ABBOTT HTLV III EIA kit 
(Abbott Labs) and by Western analysis. 

Tests on the normal blood donor samples indicated all 
except one were negative in the invention ELISA. This nor 
mal serum scored negative in the ABBOTT HTLV-III EIA 
test, but was actually positive, as confirmed by Western 
analysis. 
The results of the tests of the 52 sera from LAD and AIDS 

patients and contacts are tabulated below: 

Serum ABBOTT Invention 
No. Diagnosis ELA ELISA Western 

46O1 Contacts -- 89 -- -- 
O2 Contacts O.04 
O3 Contacts -- .44 -- -- 
O4 Contacts -- 92 -- -- 
05 Contacts O.04 
O6 Contacts -- >2 -- -- 
O7 Contacts -- 37 -- -- 
O8 Contacts -- 60 -- -- 
09 Contacts -- >2 -- -- 
10 Contacts -- >2 -- -- 
11 Contacts -- .94 -- -- 
12 Contacts -- >2 -- -- 
13 Contacts -- >2 -- -- 
14 Contacts -- >2 -- -- 
15 Contacts -- 97 -- -- 
16 AIDS -- O.61 -- -- 
17 AIDS -- >2 -- -- 
18 AIDS -- >2 -- -- 
19 AIDS -- S8 -- -- 
2O AIDS -- S8 -- -- 
21 AIDS -- O.76 -- -- 
22 AIDS -- .74 -- -- 
23 LAD -- 26 -- -- 
24 LAD -- >2 -- -- 
25 AIDS -- .04 -- -- 
26 AIDS -- .24 -- -- 
27 AIDS -- 40 -- -- 
28 AIDS O.O7 
29 LAD -- .93 -- -- 
30 Contacts -- .96 -- -- 
31 AIDS -- .76 -- -- 
32 AIDS -- O.90 -- -- 
33 AIDS -- 69 -- -- 
34 LAD -- O9 -- -- 
35 AIDS -- 54 -- -- 
36 AIDS -- 22 -- -- 
37 AIDS -- .96 -- -- 
38 AIDS >2 -- -- 
39 LAD -- .85 -- -- 
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-continued 

Serum ABBOTT Invention 
No. Diagnosis ELA ELISA Western 

40 LAD -- >2 -- -- 
41 LAD -- O.84 -- -- 
42 LAD -- 1.59 -- -- 
43 LAD -- 1.71 -- -- 
44 AIDS -- 140 -- -- 
45 LAD -- >2 -- -- 
46 AIDS -- 1.38 -- -- 
47 AIDS -- 1.29 -- -- 
48 LAD -- 1.93 -- -- 
49 LAD +f- O48 -- -- 
50 LAD O.04 
51 LAD O.O7 
52 LAD -- 1.92 -- -- 

The above results show that the ELISA-A, using recombi 
nant HIV proteins, is at least as good as the ABBOTT HTLV 
III EIA test or Western analysis. 

In the ELISA-A reported in this example, the yeast and 
bacterial extracts were added to the serum to bind serum 
antibodies to yeast and bacteria to prevent Such antibodies 
from binding to minor contaminants in the recombinant 
HIV-1 protein preparations. Both yeast and bacterial extracts 
were required since the recombinant polypeptides included 
polypeptides expressed in yeast and polypeptides expressed 
in bacteria. If all the polypeptides were expressed in the 
same type of organism, only one extract would be needed. 
For instance, if a p25gag polypeptide expressed in yeast was 
Substituted for the bacterially produced p25gag polypeptide 
of the example, only yeast extract would be added to the 
serum samples. 
5.2. ELISA-B 

5.2.1. Assay Protocol 
Frozen stocks of the following purified proteins were 

thawed and used to make a solution containing: p25gag 
(Section 4.5) 1.25 ug/ml, SOD-p31 (Section 4.3.3.) 1.00 
ug/ml, SOD-envišb (Section 3.6) 1.25% g/ml, and env-2 
(Section 4.2.2) 0.50 g/ml in 0.05M sodium borate, pH 9.0. 
For coating microtiter plates, 100 ul of the above solution 
was pipetted into each well of Immulon I round bottom 
microtiter plates (Dynatech Laboratories), and incubated for 
2 h at 37°C. The coating solution was then aspirated from 
the wells. The plates were washed three times with 200 
ul/well Wash Buffer 100 mM Sodium Phosphate pH 7.4, 
140 mM Sodium Chloride, 0.1% Casein (Sigma), 0.05% 
Triton X-100 (Sigma), 0.01% (w/v) Thimerosal (Sigma) 
and then washed two times with 200 pul?well PBS (10 mM 
Sodium Phosphate pH 6.7, 150 mM Sodium Chloride). The 
plates were then post coated by incubating with 200 ul/well 
of Postcoat solution PBS, 0.1% (w/v) Casein, 2 mM PMSF 
(phenylmethyl-sulfonylfluoride) for 30 minutes at 15-30° 
C. The Postcoat solution was aspirated off. The plates were 
dried in a lyophilizer (such as: Virtis Unitop 600 SL 
lyophilizer, Virtis Company) overnight or by incubating for 
2 hat 25° C. 
To assay samples in the ELISA-B assay, 100 ul of 

Samples Diluent 100 mM Sodium Phosphate, pH 7.4, 0.5 
M Sodium Chloride, 1 mM EDTA, 0.1% casein, 1% Triton 
X-100, 100 ug/ml yeast extract (see below), 100 g/ml E. 
coli extract (see below), and 0.01% Thimerosal was added 
to each of the coated wells on the plates. Ten ul of the 
samples to be assayed or controls were pipetted into the 
wells. The plates were then sealed and incubated for 1 h at 
37° C. The sample was then aspirated and the plates were 
washed three times with 200 ul/well of distilled water. The 
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plates were then incubated with a goat anti-human IgG-HRP 
(horseradish peroxidase) conjugated antibody (available 
from commercial sources, i.e., Tago or Cappel, or the conju 
gate may be synthesized by the Nakane procedure). The 
anti-human IgG-HRP conjugate was diluted 1/3200 in Con 
jugate Solution 1 PBS, 5% noral goat serum, 0.01% ANS 
(8-Anilino-1-naphthalene Sulfonic acid, ammonium salt), 
0.01% Thimerosal. A final dilution to 1/32000 was made in 
Conjugate Diluent MT116 mMSodium Phosphate, pH 7.4, 
0.622 MSodium Chloride, 0.56% BSA, 2.22% normal goat 
serum, 1.11% Triton X-100, 0.11% Casein, 0.0044% ANS, 
0.01% Thimerosal immediately before use. One hundred 
0.01% of the diluted conjugate was added per well (except 
for blank wells). The plates were sealed and incubated for 1 
h at 37°C. The conjugate solution was aspirated off and the 
plates were washed three times with 200 ul/well of distilled 
water. Then 100 ul of Developer made fresh: 50 mM 
Sodium Citrate adjusted to pH 5.1 with 1 M Phosphoric 
Acid, 0.6 ul/ml 30% HO OPD tablet (Sigma) (1 tablet/5 
ml of buffer) was added to each well and incubated thirty 
minutes at room temperature (15°-30°C.). The reaction was 
stopped by the addition of 50 ul of 4N HSO to each well. 
The microtiter plates were analyzed on a standard ELISA 

reader (such as Biotek ELISA Autoreader Model EL310, 
Biotek Instruments) by reading the absorbance of developed 
color at 492 nm. The results were analyzed by comparing the 
values generated for the samples against an assay cutoff 
valve (cut-off=0.5xaverage absorbance value for the positive 
controls.) 

Yeast and E. coli extracts used in the Sample Diluent were 
prepared in an analogous manner to the purification process 
for recombinant polypeptides in Sections 3.1.4.2-3.2.5 and 
4.1.4.1-4.1.4.3, except non-recombinant strains S. cerevisiae 
AB103.1 and E. coli D1210 were used. 

5.2.2. Results 
The ability of ELISA-B to detect the presence of antibod 

ies directed against HIV was compared to a licensed and 
commercially available ELISA produced by DuPont. 

493 serum samples were run in ELISA-B and the DuPont 
screening ELISA. The panel of Sera was composed of speci 
mens from various sources: 205 samples from CDC 
(clinically screening ELISA, and 4 negative); 101 Samples 
from UCSF (clinically categorized as AIDS, ARC, and 
contact); 187 samples obtained from Interstate Blood Bank, 
Pa., (initially scored positive on licensed screening ELISA). 
In this group of samples there were eight (8) discrepancies. 
Four (4) samples were found positive by ELISA-B and nega 
tive in the DuPont ELISA. Correlation between the DuPont 
assay and ELISA-B was 98.4%. Concensus data indicated 
that of the four (4) samples found positive by ELISA-B and 
negative by the DuPont ELISA, three (3) (LW47, 4202, and 
4225) were true positives (DuPont ELISA false negatives) 
and one (4279) was an ELISA-B false positive. Concensus 
data also indicated that the four samples found negative in 
ELISA-B and positive in the DuPont ELISA (LW 12, 20061, 
20145, 20162) were negative (DuPont ELISA false 
positives). For the eight (8) discrepant samples ELISA-B 
differed from the concensus data in one (1) case and the 
DuPont ELISA differed in seven (7) cases. Also note that 
one sample was false positive in both assays. 
The positivity or negativity of a specimen in these panels 

was determined from the concensus results of commercial 
viral ELISAS, the microtiter plate assay using recombinant 
antigens, the strip ELISA, Western Blot data (when 
available) and clinical data, if available. 
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TABLE 

Correlation of ELISA-B with the 
DuPont Screening ELISA 

Discrepant Samples 

ELISA-B DuPont ELISA Strip ELISA 
Panels OD490um S/CO OD490um S/CO P-24 P-31 GP-41 GP-120 
UCSF 

(N = 100) 
CDC 

(N = 205) 
4110 2.25 4.4 1.66 4.22 - 4+ 4+ 
41.33 1.21 2.4 1.25 3.18 2+ 
4204 56 1.1 .33 .90 - 
421.8 60 1.2 2.37 6.4 
4225 54 1.1 O7 .2 
4279 .98 3.6 18 5 

Interstate 
(LW) 

(N = 58) 
12 28 5 1.17 2.0 
47 46 .90 .46 .80 1+ - 

1.7 

Interstate 
I 

(N = 67) 
20061 22 .48 1.71 2.5 

2.1 

Interstate 
II 

(N = 62) 
2014.5 13 .22 >3.00 4.4 - 

3.2 
20162 18 32 .94 1.4 - -- -- -- 

1.0 

SCO = signal: cut off ratio 
if- or >1.0 samples is positive 

5.3. Dot Blot Assay 
Nitrocellular strips (0.5x5 cm) are spotted with 50 ng 

polypeptide in PBS (spotting volume 2 ul). After spotting the 
strips are dried at room temperature for 1 h or more. The 
strips are then post-coated in a 5% solution of Carnation 
non-fat dry milk in PBS, 0.01% Thimerosal, for 15-60 minat 
room temperature. Each test solution sample is diluted 1:50 
in 0.5 ml of the post-coating Solution in a test tube. A post 
coated strip is then placed in the tube and incubated in the 
sample with rocking at 37° C. for 1 h. The strip is then 
removed from the tube and washed with post-coating solu 
tion. The strip is then incubated for 15 min at room tempera 
ture in goat anti-human Ig reagent labeled with horse radish 
peroxidase diluted 1:500 in post-coating solution. After 
incubation in the labeled antibody, the strip is washed seri 
ally with PBS, 1% Triton, and distilled water. The strips are 
developed by incubating them in substrate solution (see 23 
above) for 15 min at room temperature. 

Positive samples will cause a visually perceptible color 
change at the spotting site. Normal (negative) sera sample 
yield no color change or give a faint signal that is discernible 
from a positive signal. Competition assays may be run on 
sera giving faint signals to verify that they are negative. In 
the competition assay, polypeptide (10-25 ug/ml) is added to 
the test sample and incubated from 1 h at 37° C. before the 
strip is incubated in the sample. With authentic positive sera 
the signal is completely blocked by the added polypeptide, 
whereas with normal (negative) sera there is no change in 
signal. 

5.4. Immunoblot Strip ELISA Assay 
In the immunoblot strip ELISA recombinant derived viral 

antigens are individually coated in bands on a nitrocellulose 
strip and reacted with samples to bind anti-HIV specific anti 
bodies. 
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Frozen aliquots of the individual recombinant polypep 
tides were thawed and diluted to the appropriate concentra 
tion in Coating Solution PBS pH adjusted to 7.4, 375 mg/1 
Napthiol Blue Black (used only as an inert marker) as fol 
lows: p25gag (Section 4.5) 3-4 ug/ml, SOD-p31 (Section 
4.3.3) 1-1.6 ug/ml, SOD/env-5b (Section 3.6) 1.0 ug/ml, 
env-2 (Section 4.2.2) 0.5ug/ml. The individual protein solu 
tions were coated as individual bands on a sheet of nitrocel 
lulose paper; BA85NCTM: Schleicher & Schuell, Inc., 
Keene, N.H., (pre-wetted with PBS buffer). The coating 
apparatus can be any apparatus which allows for Solutions to 
be applied to filter paper under vacuum pressure as discrete 
bands, such as Minifold(R) II Slot-Blot System; Schleicher & 
Schuell. 
The coated sheets are dried overnight. The dried, coated 

sheets are immersed for five minutes in Blocking Buffer 
(PBS, 1% (w/v) Casein, 0.01% Thimerosal, pH adjusted to 
7.4) and then dried overnight. The coated and blocked nitro 
cellulose sheets were attached to a backing sheet of paper 
with double faced tape and then cut into individual strips 
which contain the individual bands corresponding to each of 
the recombinant viral antigens. 

The sample to be assayed was diluted 1/100 with Sample 
Diluent by adding 10 ul of the sample to 1 ml of Sample 
Diluent PBS, 0.1% Casein, 1 mM EDTA, 2.0% Triton 
X-100, 1 mg/ml Yeast extract, 500 g/ml E. coli extract, 0.2 
ug/ml YP45 extract, 0.01% Thimerosal, pH adjusted to 7.4). 
The strips were then individually soaked in the diluted 
sample solution with agitation for 2 hat room temperature 
(15° to 30° C.). The strips were removed from the diluted 
sample solution and washed four times with water. The 
strips were then incubated with 1 ml/strip of Goat anti 
human IgG-HRP conjugate diluted in Conjugate Buffer 
PBS pH 7.2, 0.3% Casein, 5% normal goat serum, 0.01% 
ANS, 0.01% Thimerosal with agitation for 30 minutes at 
room temperature (15°-30° C.). 
The strips were removed from the conjugate Solution and 

then washed three times with water. The strips were then 
incubated with 1 ml/strip of Developer Buffer 10 mM 
Sodium Phosphate, 20 mMSodium Chloride, 0.8 ul/ml 30% 
hydrogen peroxide, 0.05% (w/v) 4-chloro-1-naphthol, 
16.6% methanol with agitation for 15 minutes at room tem 
perature (15°-30°C.). The reaction was stopped by remov 
ing the strips from the Developer Buffer and washing two 
times in water. The color developed on the band is compared 
with positive control bands (IgG applied at 0.25 ug/ml and 
1.25 ug/ml). 

Yeast and bacterial proteins were used to preabsorb antis 
era for cross-reactive antibodies. Yeast extract was prepared 
by processing bulk yeast S. cerevisiae (Red Star Yeast, grade 
1; Red Star, Oakland, Calif.) through the standard lysis pro 
cedure as described previously for the purification of yeast 
recombinant proteins. The insoluble cellular debris was 
separated from the soluble protein fraction. The E. coli 
extract was prepared by growing E. coli strain D1210 
(pSODCF2), lysing the cells, and solubilizing the pellet as 
described in Section 3.6.4.YP45 extract is a yeast protein 
and was prepared by growing S. cerevisiae AB110 and fol 
lowing the purification procedure described in Section 
4.3.3.3. A 45 kd yeast protein was purified which helps in 
preabsorbing nonspecific cross-reactive antibodies found in 
SO aca. 

6. Serology Studies with Recombinant HIV Polypeptides 
6.1 Immunoblot with Env Polypeptides 

Recombinant polypeptides originating from different 
regions of the env gene of the ARV-2 isolate of HIV (Section 
4.2) were used to characterize the anti-envelope antibody 
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response of virus Seropositive individuals. The Sera charac 
terized included specimens from AIDS patients, ARC 
patients and clinically healthy homosexual men with docu 
mented exposure to the virus through sexual contact with 
AIDS or ARC patients (contacts). 

Regions of the envelope gene of the ARV-2 isolate of HIV 
were cloned into yeast expression vectors (enV-1, enV-2, env 
3) or bacterial expression vectors (env-5b), and used to pro 
duce recombinant proteins as described in Sections 3 and 4. 

Extracts of yeast for SDS polyacrylamide gel electro 
phoresis were prepared as follows: 1 ml of yeast grown to 20 
O.D. (A450) were pelleted and suspended in 200 ul of elec 
trophoresis sample buffer. The mixture was boiled for 10 
min and then centrifuged at 12,000 g for 2 min to remove 
cell debris prior to electrophoresis. To prepare bacterial 
extracts for gel electrophoresis, bacterial cells from 1 ml of 
culture were pelleted, suspended in 200 ul of electrophoresis 
sample buffer, and disrupted by 3 cycles of freezing and 
thawing. The mixture was boiled for 10 minutes prior to 
electrophoresis. 

Yeast or bacterial extracts were electrophoresed on stan 
dard Laemmli discontinuous SDS-polyacrylamide (12% 
acrylamide) gels using a Biorad Laboratories minigel appa 
ratus. Laemmli (1970) Nature 227:680-685. The extracts 
(100 ul) were loaded into an 8 cm well in the stacking gel 
prior to electrophoresis. Following electrophoresis, proteins 
were transferred to nitrocellulose filters. Towbinet al. (1979) 
Proc. Natl. Acad. Sci. USA 76:4350-4355. Strips of the filter 
with the electroblotted lysates were cut and each strip 
reacted with an individual serum sample diluted 1/100. 

Sera from 85 seropositive individuals, including AIDS 
patients, ARC patients, contacts and clinically healthy 
individuals, as well as a pool of sera from normal human 
blood donors, were assayed on env-1, env-2 and env-3. The 
blots were processed with Carnation nonfat dry milk as 
described previously. Johnson et al. (1984) Gene Anal. 
Techn. 1:3-8. The enzyme conjugate (diluted 1/200) was 
goat antiserum to human immunoglobulin G (Cappel 
Laboratories) and the chromogen was HRP color reagent 
(4-chloro-1-Napthol; Biorad Laboratories). 

Positive immunoblot assays obtained with env-1, -2, and 
-3 are shown in FIG. 30. A prominent band at 28,000 was 
seen in the env-1 blot with a patient’s serum with anti-env-1 
antibodies. In the immunoblot of env-2, the antibody 
positive serum reacted with a protein of approximately 55 
kD. With env-3, the positive serum reacted with a series of 
bands migrating between 30,000 and 35,000. The multiple 
immunoreactive species in the env-3 immunoblot are due to 
differences in glycosylation (see Section 4.2.3) of this 
polypeptide during its synthesis in yeast. Five potential gly 
cosylation sites are contained within the coding region for 
env-3. 
The results of assays of the reactivity of sera obtained 

from the various patient groups in the 85 serum panel with 
the env-1, env-2 and env-3 are presented in table below: 

Clinical Number Number Reacting With: 

Group Tested env-1 env-2 env-3 

Contacts 21 4 (19%) 21 (100%) 21 (100%) 
ARC 26 3 (12%) 26 (100%) 26 (100%) 
AIDS 38 6 (16%) 36 (95%) 36 (95%) 

All of the specimens selected for this analysis were posi 
tive in an enzyme-linked immunosorbent assay (ELISA) for 
antibodies to the AIDS retrovirus. Weiss et al. (1985) 
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J.A.M.A. 253:221-225. Sera from all of the contacts and 
ARC patients had antibodies that reacted with env-2 and 
env-3 indicating that they had antibodies to both gp120 and 
gp41 that could be detected with these non-glycosylated 
polypeptides in immunoblot assays. Thirty-six of the 38 
AIDS patients (95%) had antibodies that reacted with env-2. 
The same thirty-six sera also reacted with env-3. The two 
AIDS sera that did not react in immunoblot assays with 
env-2 or env-3 either lacked antibodies detected using these 
recombinant antigens, or their antibody titers were below the 
limit of detection in these assays, at least in generating an 
immune response to sequential epitopes. 
When these sera were tested in immunoblot assays with 

enV-1, only a minority in each diagnostic group scored posi 
tive. The percentage of contacts, ARC patients and AIDS 
patients with antibodies to env-1 with 19%, 12% and 16%, 
respectively. Since enV-1 corresponds to the amino-terminal 
half of env-2 (amino acids 26-491, the majority of gp120), 
this observation suggests that the carboxyl terminal portion 
of gp120 is much more immunogenic in infected individuals 
than the amino-terminal half of the polypeptide, at least in 
generating an immune response to sequential epitopes. 

Because the enV-1 polypeptide was also represented in 
env-2, it could not be determined directly from the immuno 
blot results if env-1 positive sera reacted exclusively with 
env-1 or were also reactive with the carboxyl-terminal half 
of env-2. To evaluate the reactivity of env-1 positive sera 
with the carboxyl-terminal half of env-2, competition 
experiments were carried out. Sera were reacted with env-1 
and env-2 in immunoblot assays in the presence or absence 
of an excess of env-1 in the serum diluent. An env-1 positive 
serum, diluted 1/100, was incubated with: env-1 immunob 
lot with no addition, env-1 immunoblot with 50 lug/ml env-1 
in diluent, env-2 immunoblot with no addition, enV-2 immu 
noblot with 50 lug/ml of env-1 in diluent and env-2 immuno 
blot with 50 ug/ml of env-2 in diluent. The reactivity of the 
env-1 serum sample with the env-1 blot was completely 
eliminated by preincubation with env-1. However, reactivity 
with the env-2 blot was still evident. Similar results were 
observed with all of the env-1 positive sera, indicating that 
they all reacted with the carboxyl terminal as well as the 
amino terminal half of the gp120 polypeptide. 

Immunoblots of extracts from bacteria expressing a Subre 
gion of gp41 (aa 557-667) as an hSOD fusion, referred to as 
env-5b, with an AIDS patient’s serum, showed a prominent 
immunoreactive species at 32,000 daltons that was absent 
from immunoblots of extracts from bacteria transformed 
with the vector lacking the env insert (Section 3.6). This was 
approximately the molecular weight expected for a polypep 
tide coded for by the sum of the hSOD and env gp41 
sequences. Twenty serum samples shown previously to con 
tain antibodies that reacted with env-3 in immunoblot assays 
were reacted with env-5b immunoblots. All 20 specimens 
reacted with the fusion protein. 

Immunoblot assays detect antibodies which recognize 
principally sequential determinants. The results presented 
here indicate that virus seropositive individuals frequently 
have mounted immune responses to sequential epitopes 
within the carboxyl terminal half of the gp120 polypeptide. 
In addition, Such individuals have also mounted immune 
responses to sequential epitopes within gp41 (env-5b). The 
prevalence of antibodies to these two env regions detected 
by using recombinant polypeptides from a single virus iso 
late Suggests that there are epitopes within both regions that 
are highly conserved. The failure of most virus seropositive 
specimens to react with the amino terminal half of gp120 
represented by enV-1 may indicate that there are not such 
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highly conserved immunodominant sequential epitopes 
within this region. These data Suggest that either the amino 
terminal region of gp120 is a poor immunogen in humans, or 
humans respond in a strain-specific fashion so that only 
those individuals infected with a highly homologous virus 
are detected with env-1 from ARV-2. Another explanation 
centers around the possibility that conformational epitopes 
may be a feature of the N-terminal portion of gp120; immu 
noblotting would miss antibodies directed at conformational 
determinants. Another possible explanation is that the 
immunogenicity of the amino terminal region of gp120 is 
masked by glycosylation or by structural constraints due to 
association of gp120 with gp41 and/or the viral membrane. 

It was also found that all sera reacting in immunoblots 
with env-3 also reacted with the fusion protein env-5b. In 
fact, several sera that were only weakly positive on env-3 
were clearly positive on env-5b. The sensitivity of an immu 
noblot assay is limited by the amount of antigen that is 
present in the preparation. Since env-5b expression levels 
were high compared to the levels of expression of env-3 in 
yeast (env-5b represented approximately 2-5% of the total 
bacterial protein, whereas env-3 was less than 0.1% of the 
total yeast protein), it was not unexpected the env-5b immu 
noblot assays were more sensitive than the env-3 immunob 
lot assays. 
6.2 ELISA with Env Polypeptides 
To provide a quantitative assessment of the antibody 

response detected using these recombinant polypeptides rep 
resenting regions of two subunits of the HIV envelope glyco 
protein complex, env recombinant polypeptides (Section 
4.2) were purified and enzyme-linked immunosorbent 
assays (ELISA) configured. 

Test sera were the same as described in Section 6.1. The 
ELISA procedures were modifications of those described 
previously. See Brun-Vezinet et al. (1984) Lancet I: 1253 
1256; Saxinger et al. (1983) Lab. Invest. 49:371-377: Weiss 
et al. (1985) J.A.M.A. 253:221-225; Steimer et al. (1986) J. 
Virol. 58:9-160. 

For virus ELISAs, microtiter plates (Dynatech, Immulon 
I) were coated with 5ug/ml of SDS-disrupted sucrose gradi 
ent purified ARV-2 virus. Human serum samples, diluted 
1/100, were added to the wells and the plates incubated at 
37° C. After 1 h, the plates were washed and goat antiserum 
to human immunoglobulin conjugated with horseradish per 
oxidase (Cappel Laboratories) and diluted 1/4000 was added 
to the wells. The plates were incubated for 30 min. at 37°C., 
washed and the substrate solution (150 ug/ml, 2,2'-azino-di 
3'-ethylbenzylthiazoline sulfate in 0.1 M citrate, 0.001% 
H.O., pH 4.0) was added for 30 minutes. The plates were 
read on a ELISA reader at 415 nm with a reference wave 
length of 600 nm. Samples were scored as positive when 
their assay result was greater than five times the absorbance 
obtained with the negative control pooled normal human 
serum (NHS). 

For recombinant env polypeptide ELISAs, microtiter 
plates were coated with 2 ug/ml of purified env-2 or env-5b 
(Section 7.1). Serum samples were assayed for antibodies to 
these antigens by the procedure described above. Included in 
the serum diluent for the env-2 antibody ELISA was 
included extract (final concentration 100 ug/ml) from yeast 
transformed with the vector alone lacking the env-2 insert. 
Similarly, 100 g/ml of an extract from untransformed E. 
coli was added to the diluent for the env-5b antibody ELISA. 

FIG. 16 (panel A) shows the results of a titration of anti 
bodies in an AIDS patient’s serum that reacted with env-2. 
Pooled normal human serum (NHS) (O) and serum 0036 
from an AIDS patient() were diluted 1/25 and then by serial 
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2-fold dilutions. The titer of env-2 antibodies in this particu 
lar serum specimen was approximately 1400. The signal 
with the control sample (NHS) was low at all dilutions. 

Env-5b was purified and used as antigen in an ELISA for 
antibodies to the gp41 polypeptide. FIG.16 (panel B) shows 
the results of a titration of env-5b antibodies in the same 
serum sample that was titered previously in the env-2 
ELISA. No appreciable signal was seen with NHS. 
Serum samples from 88 blood donors, all seronegative in 

an ELISA for AIDS retrovirus antibodies were tested at a 
dilution of 1/100 in the env-2 and env-5b antibody ELISAs 
(FIG. 17). The average signal in the env-2 antibody ELISA 
was 0.045+0.033 with a range of 0 to 0.149. In the env-5b 
ELISA these same Sera yielded an average signal of 
0.034+0.030 with a range of 0 to 0.144. The cut-off for both 
assays was set at five times the average signal of these 88 
seronegative specimens. For the env-2 antibody ELISA the 
cut-off was 0.225, and for the env-5b assay it was 0.170. 
The results of the env-2 and env-5b ELISAs with the same 

panel of virus Seropositive specimens described previously 
(see the table in Section 7.1) are presented in FIG. 18. The 
dotted line in the top panel designates the cut-off (0.174) in 
the env-2 ELISA. 

The dotted line in the bottom panel (0.154) is the cut-off 
in env-5b antibody ELISA. Each data point is the average of 
duplicate assays. All of the Sera, regardless of diagnosis, 
yielded the maximum signal in the env-5b antibody ELISA. 

Serum antibodies were clearly detected in the env-2 
ELISA with specimens from 20 of the 21 contacts, 24 of the 
25 ARC patients, and 35 of the 38 AIDS patients. The 
remaining five sera, one from a contact, one from an ARC 
patient and three from AIDS patients, are considered to be 
borderline. The contact and ARC sera scored just below the 
assay cut-off while the three AIDS sera scored just above the 
cut-off. These same sera were all clearly positive in the env 
5b antibody ELISA. 

FIG. 19 compares antibody titers of the above sera for 
both env-2 and env-5b. These serum samples were assayed 
in the env-2 and env-5b ELISAS at dilutions ranging from 
1/100 to 1/51,200. The titers reported are the dilution at 
which half-maximum absorbance was attained. The env-2 
titers are shown as dark circles, and the env-5 titers are open 
circles. The horizontal lines show the mean titers of sera in 
each group. Borderline sera (less than 0.15 above assay cut 
off) are shown as “+”. Sera with titers below 1/100, but not 
borderline, are plotted as having titers of 1/100. 

Antibody titers in sera obtained from all three groups 
were higher to env-5b than to env-2). The average titer of 
env-2 antibodies in sera obtained from contacts was 2224 
(range <100-7975) compared to an average titer of env-5b 
antibodies of 8988 (range 650-25,000). Among the ARC 
patients the average env-2 and env-5b antibody titers were 
2480 (range <100-12,800) and 12,560 (range 42062,000), 
respectively. Finally, for AIDS patients the average env-2 
antibody titer was 1394 (range <100-12,800) compared to an 
average env-5b antibody titer of 7059 (range <100-42,000). 
The ratio of env-5b to env-2 antibody titers was 5.06, 4.04 

and 5.06 for contacts, ARC patients and AID patients respec 
tively. Since these ratios remain constant, regardless of 
diagnosis, it is unlikely that there is a selective decline in the 
antibody titer to one or the other of the env polypeptides with 
progressive disease. Instead, it indicates that individuals 
with low titerantibodies to one env polypeptide tend to have 
low titers of antibodies to the other polypeptide. Examining 
the env-5b antibody titers of those individuals with low 
(<200) titers of env-2 antibodies (table below) supported this 
conclusion; these Sera all had correspondingly low env-5b 
antibody titers. 
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Serum Clinical Env-2 Antibody Env-5b Antibody 
Number Group Titer Titer 

4687 C* &1OO 1300 
4623 ARC 15 31 OO 
4648 ARC 25 1OOO 
4672 ARC &1OO 590 
4677 ARC &1OO 450 
4685 ARC 70 420 
4616 AIDS &1OO 430 
4619 AIDS OO 900 
462O AIDS 30 62O 
4625 AIDS &1OO 1SOO 
4626 AIDS OO 4300 
4627 AIDS OO 200 
4631 AIDS 70 500 
4637 AIDS 90 480 
4653 AIDS &1OO 2SOO 
4654 AIDS OO 400 
4660 AIDS OO 760 
4664 AIDS 55 300 
4667 AIDS OO 68O 

*Contacts. 

6.3 ELISA with Gag Polypeptides 
Large-scale purification of p25gag from bacterial extracts 

(Section 3.1.5) provided sufficient antigen for a survey of 
p25 gag Seropositivity among various risk and patient 
groups. These sera were tested first in a virus ELISA to 
identify those with antibodies to the virus and then in the 
p25gag ELISA to determine the proportion of virus serop 
ositive individuals with antibodies to p25gag. 

Ninety-six sera from random blood donors, all of whom 
were negative for AIDS virus antibodies in the virus ELISA, 
scored negative in the ELISA for p25gag antibodies. The 
average signal in the p25gag ELISA of these sera was 
0.034+0.016 optical density units (OD) with a range of 
0.011 to 0.089 (not shown). 
A panel of 100 sera was then examined, consisting of 28 

specimens from high-risk individuals with no symptoms of 
the disease, but with potential exposure to the virus through 
sexual contact with AIDS patients (contacts), 33 sera from 
patients with AIDS-related complex (ARC), and samples 
from 39 patients with AIDS. Eighty-six of the 100 speci 
mens were positive in the virus ELISA, an indication that 
these individuals had mounted an immune response to one or 
more viral antigens. The number of virus ELISA positive 
contacts was 21 (75%), ARC patients was 27 (81.8%), and 
AIDS patients was 38 (97.4%). The results of the p25gag 
antibody ELISA of these specimens are summarized in the 
table below. Of the 86 sera from the total panel that were 
positive in the virus ELISA, only 34 (39.5%) scored positive 
in the p25 gag ELISA. When the results were grouped 
according to diagnosis, however, the contacts had the highest 
number of virus seropositive individuals with antibodies to 
p25gag (71%), the ARC patients were intermediate (48%), 
and the AIDS patients were the lowest (16%). Also tested 
were the 14 virus ELISA negative specimens from this panel 
of 100 sera in the p25gag ELISA, and all scored negative 
(not shown). 
The data presented in the table Suggest that with an 

increase in the severity of the disease, there is a decline in the 
proportion of virus seropositive individuals with antibodies 
to p25gag. To determine the significance of the observed 
differences in p25gag seropositivity between groups, we 
used an X test with pairwise comparison of groups. This 
analysis shows that the probability that the observed differ 
ences in frequency of p25gag seropositivity between the 
contacts and AIDS patients could have been due to chance 
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was less than 1 in 2000. Similarly, the probability that the 
difference between ARC and AIDS patients was due to 
chance was very small (1 in 200). A comparison of contacts 
and ARC patients, however, gave a higher probability (1 in 
10) that the observed difference was due to chance. A larger 
sample size would be required to establish the significance 
of this difference with greater certainty. 

These results suggest that monitoring p25gag seropositiv 
ity of individuals infected with the AIDS retrovirus might be 
of diagnostic value. Although patients with more severe 
forms of the disease clearly have antibodies to other viral 
antigens, such as the envelope glycoproteins Barin et al. 
(1985) Science 228:1097: Montagnier et al. (1985) Virology 
144:283), they are less likely than those in earlier stages to 
have antibodies to p25gag. 

The above results were obtained with p25gag antigen pro 
duced in E. coli. Similar results have been seen with the 
antigen produced in yeast. 

p25gag Antibody ELISA of Virus 
Seropositive Specimens" 

Number 
Category or diagnostic Scoring Percentage 
(number in group) positive positive 

Contacts (21) 15 71 
ARC patients (27) 13 48 
AIDS patients (38) 6 16 

total (86) 34 39 

"Samples were categorized as virus seropositive if they yielded greater than 
five times the signal obtained with normal human serum (NHS) in a virus 
ELISA assay using disrupted ARV-2 virus as antigen. The p25gag antibody 
ELISA procedure was as follows: ELISA plates were coated with 5 g/ml of 
p25 gag purified from bacterial extracts. In the diluent was included a lysate 
from untransformed E. coli. All were diluted /100 for assay. The conjugate 
was horseradish peroxidase conjugated goat antiserum to human immuno 
globulin (Cappel, No. 32.01-0081). 
A sample was scored as positive when the average ODreading was greater 
than five times the signal with pooled normal human serum (NHS). In this 
particular assay this was OD1 = 0.200. 

6.4. Western and ELISA with Pol Polypeptides 
A panel of 10 sera that scored positive in the ELISA for 

viral antibodies with disrupted virus as the antigen was 
selected to compare the immunoreactivity of viral p31 with 
those of the two recombinant proteins. This panel included 
eight Sera that were positive and two sera that were negative 
for antibodies to viral p31 in virus immunoblots. Lysates of 
pTP31.2 (Section 3.4.2) and pTSp31 (Section 3.5) transfor 
mants were electrophoresed and electroblotted, and strips of 
the blots were reacted with individual serum samples (see 
table below). The eight sera that were positive on viral p31 
also reacted with the 30- and 48-kDa bands in lysates of 
bacterial cells containing pTP31.2 (expressing p31 pol) and 
pTSp31 (expressing SOD-p31 pol fusion), respectively. The 
two sera that were negative on viral p31 were also negative 
on both of the recombinant proteins. Pooled normal human 
serum was negative in all three western blot assays. 
The SOD-p31 fusion protein was purified and used as a 

source of antigen for an ELISA for testing sera for antibod 
ies to p31. Prior to deciding to pursue the fusion protein as a 
source of antigen for the assay, sera from 300 random blood 
donors and a panel of 100 sera obtained from high-risk, 
AIDS, and ARC patients was screened for antibodies to puri 
fied human SOD in an ELISA. None of these sera scored 
positive (data not shown). 
The ELISA protocol was as follows: Microtiter plates 

were coated with 2 g/ml of SOD-p31 in borate buffer (pH 
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9). In the diluent was included extract from E. coli (pTAC7). 
This extract was necessary to absorb out antibodies in 
human Sera that reacted with minor contaminants in the puri 
fied SOD-p31. The ELISA protocol from this point was 
identical to the procedure described for other recombinant 
HIV antigens described above. 
A panel of sera from 100 consecutive blood donors that 

were all seronegative in the virus ELISA was tested in the 
p31 ELISA. These sera all scored very low in the assay (FIG. 
31a). The average ELISA result for these sera when they 
were assayed at a 1/100 dilution was 0.026 with a range of 
0.001 to 0.117 and a standard deviation of 0.012. The results 
obtained with 85 virus-seropositive samples are presented in 
FIG. 31b. The ELISA results with Sera that did not react with 
the p31 band in the virus Western blot assay are indicated by 
shading. In general, Sera that were positive in virus Western 
blots for p31 antibodies were clearly positive in the p31 
antibody ELISA. There were, however, three sera that did 
not react with p31 in virus immunoblots that were clearly 
positive in the p31 ELISA. 

Three possible explanations for viral p31 immunoblot 
negative Sera scoring positive in the p31 ELISA were con 
sidered. First, the ELISA may have been more sensitive than 
the virus immunoblot assay for detecting antibodies to p31. 
Second, these sera may have scored positive in the ELISA 
owing to immunological reactivity with E. coli proteins con 
taminating the SOD-p31 preparation that were not absorbed 
out by the bacterial lysate in the antibody diluent. Third, 
these sera may have scored positive in the ELISA because 
they contained antibodies to the SOD portion of the fusion 
protein. 
To clarify this, these three sera were tested on blots of 

directly expressed p31 by using the pTP31.2 lysate, which 
should contain a much higher concentration of p31 antigen 
than virus. All three of these sera reacted with the p31 spe 
cies in this assay (data not shown). Thus, these sera scored 
positive in the ELISA because of its greater sensitivity than 
virus immunoblots for detecting p31 antibodies, not because 
of reaction with E. coli contaminants or SOD. 

We also tested the remaining eight viral p31 Western blot 
negative sera in immunoblot assays of pTP31.2 lysates. The 
five sera scoring lowest in the ELISA (FIG. 31b) failed to 
react with p31 in this assay. However, the three remaining 
sera, scoring between 0.15 and 0.3 in the ELISA, reacted in 
immunoblots with directly expressed p31 (data not shown). 
Thus, we concluded that of this panel of 85 seropositive 
samples, 80 (95%) had detectable antibodies to the p31 anti 
gen. 

These data clearly demonstrate the utility of the HIV pol 
endonuclease polypeptide in serodiagnosing HIV infection. 
It should be noted that serological results were identical 
when SOD-p31 produced in yeast was used instead of the 
bacterially expressed protein. 

Comparison of Western blot results of various 
virus-seropositive samples in viral p31, 

recombinant p31 expressed directly in E. coli 
and as a fusion protein with human SOD 

Reactivity with: 

Recombinant 
Serum Viral p31 Recombinant p31 SOD-p31 

4607 -- -- -- 

4608 -- -- -- 
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-continued 

Comparison of Western blot results of various 
virus-seropositive samples in viral p31, 

recombinant p31 expressed directly in E. coli 
and as a fusion protein with human SOD 

Reactivity with: 

Recombinant 
SOD-p31 10 Serum Viral p31 Recombinant p31 

462O 
462S 
4626 
4642 
4643 
4646 
4659 
OO36 
NHSb 

15 

Strips from immunoblots of electrophoresed virus, pTP31.2 extracts, and 
RTS extracts were reacted with a 1/100 dilution of each serum. 
NHS, pooled normal human sera obtained from Medical Specialities Labo 

ratories. 

7. HIV Immunization 
Recombinantly produced viral envelope protein was used 

to generate anti-HIV antibodies in experimental animals 
which were capable of neutralizing the infectivity of the 
virus. The purified env-2 (Section 4.2.2) was injected into 
both mice and guinea pigs and the Sera had neutralizing 
activity in an invitro neutralization assay. 
The HIV neutralization assay that was developed mea 

sures the ability of serum specimens to neutralize directly 
the infectivity of HIV in a tissue culture system (described in 
commonly owned, co-pending U.S. patent application No. 
946,539, the disclosure of which is hereby incorporated by 
reference). Diluted sera are mixed with an equal volume of 
virus inoculum, the mixture is incubated for 30 minutes at 
room temperature and then 0.1 ml of the mixture is added to 
a 1 ml culture of permissive HUT-78 cells (1x10" cells/ml) 
in 24-well microtiter plates. Seven days later the cells are 
harvested, lysed with 1% Triton X-100 in PBS. 

Infection is monitored by measuring the levels of intracel 
lular p25gag antigen with a capture enzyme-linked immun 
osorbent assay (ELISA) Steimer et al. (1986) Virology 150: 
283-290. This assay uses a murine monoclonal antibody 
immobilized on the assay plate to capture p25gag and a rab 
bit polyclonal antiserum as the detecting reagent. The virus 
inoculum that was used for all strains of HIV was adjusted to 
yield 40-80 ng/ml of intracellular p25gag and approximately 
10% of the HUT-78 cells in the culture were infected under 
these conditions. 
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7.1. Env-2 Immunization of Mice 
In order to test if env-2 polypeptide derived from yeast 

was capable of eliciting neutralizing antibodies, mice were 
immunized with env-2 (Section 4.2.2). 

Three Balb/c mice were injected three times with 10 ug of 
env-2 in alum at two week intervals. The mice were bled one 
week following the third injection and their sera tested for 
env-2 antibodies in ELISA. Normal mouse serum from a 
pool of sera obtained from unimmunized Balb/c mice, was 
included as a control. The sera was diluted 1:10, and by 
serial 2-fold dilutions, and reacted in the env-2 ELISA. All 
three mice had mounted an antibody response to the injected 
env-2 (see below). The sera were then tested in the neutral 
ization assay at a 1:20 dilution. Sera from two of the immu 
nized mice showed significant neutralization of HIV at a 
1:20 dilution (see below). 
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Neutralization 
activity 

Serum Env-2 (percent 
sample antibody tilter neutralization) 

normal &10 18 
mouse 1 420 97 
mouse 2 230 4 
mouse 3 200 76 

7.2. Env-2 Immunization of Guinea Pigs 
Twelve Hartley guinea pigs were used to study the effec 

tiveness of the env-2 polypeptide (Section 4.2.2) in eliciting 
neutralizing antibodies. The sera were also tested for their 
ability to neutralize different strains of the HIV virus. 

Six of the guinea pigs were immunized with 50 g of 
antigen with adjuvant (see below) and six were immunized 
with the adjuvant alone according to the following protocol: 

Adjuvant: contains 0.5 mg Monophosphoryl Lipid A (MPL), 0.5 
mg Trehalose Dimycolate (TDM), 0.5 mg Cell Wall 
Skeleton (CWS) (isolated from attenuated tubercle 
bacillus: Bacillus-Calmette-Guerin) lyophilized in 40 ul 
of oil (Squalene) and 0.2% Tween 80 in water (adjuvant 
obtained from Ribi Immunochem Research, Inc., 
Hamilton, Montana). 
Reconstitute the adjuvant by adding 600 pil of PBS and 
vortexing vigorously for 2-3 minutes. Mix 300 pil of the 
adjuvant with 300 g of the env-2 polypeptide and PBS 
to bring total volume to 600 ul. Vortex vigorously for 2-3 
minutes. Inject each guinea pig with 100 ul of vaccine in 
footpad. 
Dilute remaining 300 pil of adjuvant with 300 pil of PBS 
and vortex vigorously for 2-3 minutes. The six control 
guinea pigs are injected with 100 l each in footpad. 
Two to four days prior to immunization 
Schedule: obtain “prebleed' blood sample 

for guinea pigs: 

Vaccine: 

Control: 

Immunization: 

Day 0: Primary immunization; 
Day 21: second immunization; 
Day 28: obtain first blood sample: 
Day 42: third immunization; 
Day 49: obtain second blood sample. 

Results: 

Neutralization 
ELISA. Titers against env-2 Titer? 

Bleed 1 Bleed 2 of Bleed 2 

Immunized Guinea Pigs' 

A. 81 n.d. n.d. 
B 171 60S &10 
C 111 n.d. n.d. 
D 510 1,274 &10 
E 5O1 10,756 220 
F n.d. 4,050 40 

Control Guinea Pigs' 

A. &25 &25 &10 
B &25 &25 &10 
C &25 &25 &10 
D' &25 &25 &25 
E" &25 &25 n.d. 
F' &25 &25 n.d. 

n.d. = not determined 
'sera was heat inactivated 
°dilution that gives 50% of inhibition of viral inoculum (ARV-2) 




